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vi PREFACE. 


less perfectly understood, gave a certain impulse to progress which 
the commencement of many inquiries so often demands. 

‘The following work was undertaken in the hope that the expe- 
rience of many years might assist, and, perhaps, abridge the labours 
of those who may be desirous of entering upon the study of geology, 
and especially in the field. Its object is, to afford a general view 
of the chief points of that science, such as existing observations 
would lead us to infer were established ; to show how the correct- 
ness of such observations may be tested; and to sketch the directions 
in which they may apparently be extended. Having been, to a 
certain extent, founded upon a little treatise, entitled “ How to 
Observe in Geology,” long since out of print, a somewhat similar 
name has been retained for the present volume. 


H. T. De ua BEcuE. 
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find distinctive names. While some groups are referred to localities, 
such as Cambrian, Silurian, Jurassic, and the like; others are 
named after some circumstance supposed characteristic, such as 
carboniferous, from containing the great coal depos.ts of Europe 
and North America ; or oolitic, from many of the limestones in it 
Dee are ete someting ee ofe Seabatog Socnpoeed 
of numerous small rounded grains. 

Tt has been often considered ay ae 
where certain deposits have been taken as types, are preferable to 
those pointing to any mineral structure, inasmuch, as not only can 
the geologist readily make himself’ familiar with the kind of accu- 
mulstions intended to be represented by the names, by visiting and 
studying the localities whence they are taken, but as also particular 
mineral structures having been repeated as often as the conditions 
for them arose, they form no guide for determining the relative age 
of rocks, whatever may have been the impression when names of 
that kind were given, and geological science less advanced than at 
present. The two structural names mentioned are thus liable to 
objection, carboniferous deposits extending from an earlier period 
than that supposed to be represented by the term, and up to the 
higher accumulations above the cretaceous series inclusive, and the 
oolitic character reaching from limestones amid the carlier fossili« 
ferous rocks to the present day.* ‘The mixed chameter of the 
present geological nomenclature arises, no doubt, from the manner 
in which, from time to time, various geologists have directed atten- 
tion to different rocks or accumulations of them, those names having 
generally remained which have been found convenient and suffi- 
cient, up to the present time, for the purposes for which they have 
been employed. 

‘The igneous producta being those from which the chief part, if 
not the whole, of the detrital, and even chemical deposits have 
been directly or indirectly derived, it would appear desirable to 
consider them in the first place. Whatever the views entertained 
of the fluid condition of our planet, whence its form has resulted, 
such fluid condition produced by heat sufficient to keep all its com- 





* One of the limestones of the lower Silurian series in North Wales, the Rhiwlas, near 
Bala, 49 oolitic. 
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coments of some folspar, with a surplusage of silicic acid beyond that 
Tequired for the silicates of that mineral, so that when opportunities have 
occurred for crystallization of the parts, the result has been a compound of 
felspar and quartz, or a pegmatite, as it has been sometimes termed, in 
that case a modification of the granitic rocks when the same minerals may 
alone constitute a portion of a general mass. ‘The trachytes of active vol- 
canos and those termed extinct, and of comparatively recent geological date, 
may represent the mor pure felspathic rocks, when wholly formed of 
felspars, though it would appear that similar rocks aro also found amid the 
igneous products of very ancient geological periods, Felspathlc matter, 
that is, the various component substances in proportions which would form 
minerals of the felspar funily (allowing for that substitution of one substance 
for another, termed isomorphism), if crystallized, should at least constitute 
the grat balk of thos rocks, whatever others may be entangled among 
them. 

Horublendlio Rocks —These, including among them the rocks in which 
angite is substituted for homblends, form a somewhat natural division, so 
far as the prevalence of these mincrals may be sufficient to give a character 
to the mass of an igneous rock, inasmuch as silicate of lime is a marked 
ingredient, in addition to the silicate of magnesia, another essential sub- 
stance, and protoxide of iron, generally present, sometimes replacing much 
of the time and magnesia, In this division, therefore, are included the 
dolerites and basalts of active and extinct volcanic products, and the green- 
stones, generally of more ancient date, In dolorites, silicate of lime is also 
present in the labradorite, when that member of the felspar family is 
mingled with the angite of that rock. Taken as « whole, the hornblendic 
‘or augitic rocks are compounds of those minerals and some member of the 
folspar family, there being sometimes an excess of silica beyond the amount 
required for the various silicates in the hornblende or augite, and felepar ; 
this excosa, then, as it were, thrust aside as quartz. 

Serpentinous Recks,—To a certain extent theso also appear a somowhat 
natural group of igneous products, especially when viewed with reference 
to a pecniiar aspect, and to the presence of silicate of magnesia (constituting 
the bulk of the rock) and combined water, In the sequel we have endea- 
youred to show the correspondence between the varieties of serpentine, 
considered the most pure, and olivine, a common mineral in certain molten 
products of active and extinct volcanos, The rocks of this division vary, 
however, somewhat materially in their constituent substances, and in the 
proportions of them, Taking bronsite to be the mineral usually named 
diallage, it would appear little else than the silicate of magnesia of the 
matter of the purer serpentine mingled with a minor proportion of protoxide 
‘of iron, and a little alumina, crystallized, a small quantity of water also 
forming a part of it. The mineral now chiefly named diallage contains 
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parts, have been entombed in the mineral accumulations of such 
different times. 

Observation has shown that these accumulations have succeeded 
‘one another, as the various detrital deposits in lakes and seas now 
sueceed thoee which have preceded them, so that, when the 
ancient sea or lake bottoms, which, elevated into the atmosphere, 
now constitute so large w portion of dry lind, can be studied in 
cliffs or other natural sections, or by artificial cuttings or perfora- 
tions, their manner of succession can be ascertained. The more 
investigations have advanced, the more does it appear that these 
‘organic-remain bearing, or fossiliferous rocks, as they have been 
termed, have been deposited and arranged as similar accumulations 
now are in rivers, estuaries, lakes, and seas. Hence, the geologist, 
in endeavouring to ascertain the range of such fossiliferous deposits 
ut any given time upon the earth's surface, has to consider the 
relative amount and position of the land and waters of that time, 
with all their modifying influences, as also the various conditions 
under which the life of the period may have been distributed, and 
its remains entombed amid the detrital and chemical deposits of 
the day. In fact, he has, from all the evidence he can collect, to 
suppose himself studying the state of the carth’s surface, at such 
given time, as well with respect to its physical condition as to the 
existence and distribution of life upon it, 

Viewing the fossiliferous rocks in this manner, it may be that 
some of those divisions among them, which it has been found 
convenient to make for their more ready description, and the 
tracing of certain states of a sea-bottom over minor areas, have 
been too minute, regarded vs divisions applicable to the eurlice of 
the earth generally, since it is not to be supposed that particular 
mud or sand banks, however considerable locally, were more likely 
to have been formerly continued, even at intervals, over the 
earth's surface than they now are, At the same time such minor 
divisions, showing the constancy or modification of conditions, 
ng the case may be, over the minor areas, are important, inasmuch 
ag it is by a correct appreciation of this detail and the careful 
considemtion of how much may be regarded in that light and how 
nruch a8 more general, that we learn the true value of the latter, 


xxii INTRODUCTION. 
desirable to have that which may satisfy the requirements for the 
time boing. ‘The following sketch, therefore, of the general divi- 
sions at present considered desirable for the area of Western 
Europe, and supposed, in part at least, to be found also convenient 
for the mode of viewing the fossiliferous deposits in many other 
parts of the world, may be useful, especially as respects the major 
fivisi 
Srravirtep AND Fosstiirrrous Rocks, 


J. Tertiary, or Cainonole, 
Il, Secondary, or Mesozoic. 
Ill. Primary, or Palmozoic. 


I. Tertiary, or Cainozoio, . 


‘a Mineral accurnulations of the present time, 
AUppr ss ee {bre 

Je Plelocene. 
‘B. Midile « « + + + @ Miocene, 
@ Lowers + . «+ + @Bocene 


IL, Secondary, or Mesoroie. 
a Chalk of Macstricht aud Denmark. 
b Ordinary chalk, with and without fllnts, 
‘o Upper Green Sand. 
A, Cretaceous Group + Gault, 
fe Shaaklin Sands, Veeten, Neocomian, or Lower Green 
Sand, 


1a Wealden clay . . ) Onganic remains fa these are of 
B, Marine equivalents of { Hastings sands. } —flaviatile, Incuatrine, oF estuary 

0 Porbeck series. character.* 

‘@ Portland oolite or limestonest 

© Portland sands. 

© Kimmoridge olay, 


Coral mg, and ita accompanying grits, 

¢ Osford clay, with Kelloways rock, 

f Combrash. 

‘g Forest marble, and Bath oolite, 

A Faller’s earth, clay, and limestone, 

4 Inferior oolite, and its sands, 

.t Lins, upper and lower, with its intermediate marlstone, 


€. Jurmaic oF Oolitic Group: 





* The rocent researches of Professor Edward Forbes among the Purbeck series have 
fully illustrated the prudence of pot trusting to fresh-water molluscs at charncteriring 
Particular divisions {n deposits, at least those ranging downwards to that part of the fore 
siliferous series, he having ascertained that it required most careful critical examination 
to distinguish the fresh-water shells of that series, as it occurs at Purbeck, from those of 
cortain existing (resh-water molluses in England and part of Europe, 
‘+The minor divisions of thie group have been given with reference to those usually 
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ALTERED OR MeTAMorpHic Rocks, 


With the classification of detrital and chemical accumulations, 
effected by the aid of water, and of earlier geological date than 
those last mentioned (the Cambrian), there are many difficulties. 
Indeed the limits which may be assigned to the latter, in descending 
order, are, in the present state of our knowledge, most uncertain, 
In the district of the Longmynd (Shropshire) the Cambrian group 
attains a thickness of 26,000 feet, almost entirely composed of 
detrital deposits. The same group, as exhibited in North Wales, 
not only presents a considemble depth of similar accumulations, but 
also shows, by pebbles in its conglomerates (vicinity of Bangor, Llan- 
beris, &c.), that sands were firmly cemented into sandstones, and 
these ground into shingles, by water action, prior to the production 
of such conglomerates. Theso conglomerates, which also contain 
rounded fragments of hornblendic and felspathic igneous rocks, of 
a general character similar to those subsequently vomited forth in 
the same region amid the Silurian deposits, may only constitute 
portions of a series in the same manner that)many other con- 
glomerates are included in groups of rocks bearing given names; 
in fact, be the beaches of different portions of the time required 
for the whole deposit; yet they, with the muds, silts, and sands of 
the period, become important as pointing to causes in action at 
that time similar to those from which the like accumulations have 
been effected in after geological periods, ‘Thus, as far as researches 
have yet gone, we do not arrive at physical conditions differing, 
as regards the production of detrital mineral accumulations, in 
any essential manner, that be determined, from those which 
have afterwards influenced the accumulation of similar kinds of 
mud, silt, sand, and gravel, whether now constituting hard consoli- 
dated rocks, or found in a state more resembling that in which they 
were originally formed. 

‘The aid to the classification of rocks, once supposed to be derived 
from certain of them having a crystalline or semi-crystalline aspect, 
yet still preserving a general stratified arrangement of’ parts, 
various modifications of them bearing distinct names, such as 
gneiss, mica slate, ond othors, is now well known to. be unsatislisc~ 
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their production from solutions, their component parts derived 
from the adjacent rocks. 

‘The like circumstances acting upon more simple substances, 
formed into beds of rock, such as limestones, and the combinations 
of ordinary caleareous matter with carbonate of magnesia in various 
proportions, would necessarily also produce modification in the 
arrangement of the component particles, a confused crystalline 
adjustment of them being effected, such as that secn in statuary 
marble, when conditions were most favourable. When these 
bodies were less pure, mingled with detrital matter of the ordinary 
kinds, the circumstances would be favourable to the development of 
different mineral substances, such as garnets and others,* amid the 
general mass, Looking at the varied modes in which detrital and 
chemical accumulations have been formed, and the different manner 
in which they can be acted upon by the influences noticed, either 
onthe minor or lange scale, the general result could scarcely be 
otherwise than of the moet varied kind. To attempt, therefore, 
classification of these modified or altered rocks relatively to geolo- 
gical dates, would be obviously useless. 

Tn considering rocks of this kind it is needful also to bear 
in mind the general conditions under which beds of detrital or 
chemical deposits may be modified, or altered from their original 
state of accumulation, by other conditions than those of the contact 
or juxtaposition of mineral matter in a state of igneous fusion. 
Independently of chemical changes effected by the arrangement of 
the substances in different states of combination, adjusting them- 
telyes according to their affinities and the conditions under which 
they are then placed,t the circumstances which would arise when 





* In this manner crystals of quartz have been sometimes produced in beds of statuary 
marble, as, for example, that of Carrara, 

+ We find quarts rocks (that is, grains of quartz, accumulated as sands, and firmly 
camented together by silica, the separation of the old surfaces of the sand-grains from the 
siliceous cemont sometimes obscure) as the continuation of ordinary bels 6f quartzone 
sandstone, the latter sometitmos slightly consolidated, and have simply to infer, to account 
for the facts observed, silica infiltrated so as to consolidate the heds more in certain situa 
tions than in others, Such quarts rocks have often been supposed “altered or meta~ 
morphic” in the seme used for some of the same general aspect acted upon, with others, 
‘by jextspesed igneous matter which had bean in # fuset state from heat; whereas they 
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even igneous accumulations, geologically, as regards relative dates, 
they still, to a certain extent, constitute a class very convenient 
for investigation, it being always borne in mind that it is de- 
sirable only s0 to regard them, in the present state of our 
knowledge. 
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2 DECOMPOSITION OF ROCKS. [Cut 


depends; for soils are but the decomposed parts of more or less 
consolidated sea or lake bottoms and of igneous accumulations, 
with the remains of the vegetation which has grown on them, and 
of the animals which have lived upon the plants. From the varied 
configuration of surface the decomposed portions of rocks, forming 
soils, may not always cover those from whence they were derived, 
for they may and sometimes have been carried, mechanically sus- 
pended in water, to various distances, and there deposited, in such 
a manner as to be mingled with the decomposed portions of other 
rocks, or wholly cover over the latter. Be this, however, as it 
may, the decomposed parts of rocks form the base of the soils, 
affording soluble mineral matter to the plants requiring it, and 
presenting a physical structure capable of supporting their growth. 
‘The decomposition of rocks, in its various stages, will require 
much attention, #0 that the observer may properly classify the facts 
coming within the range of his researches. Among rocks of 
igneous origin, such as granites, greenstones, and the like, he will 
find that the decomposition of felspar is among the chief causes of 
the disintegration af the igneous masses of which this mineral may 
form a part. It would be out of place here to enter upon the 
ition of the various minerals of the felspar family ;* it 

will be sufficient to refer to those portions of them which are soluble, 
such as the silicates of potash or soda, as the case may be. These 
silicates, from the action of carbonic acid in the atmosphere, derived 
from the decay of ion, or brought into contact with them 
by waters containing it in sufficient abundance, are often readily de- 
The particles once loosened by decompesition, and 

some of them carried off in solution, rains and changes of tem- 
peniture, particularly in regions visited by frosts, act mechanically, 
and the surface of the rock, under favournble conditions, is removed. 
From « repetition of these causes the rock becomes decomposed to 
various depths, according to circumstances, In cases where the 
remaining portions are either too large or so situated as not to be 
readily carried away, a coating of the disintegrated insoluble part 





* The four minerals of this family which chiefly enter into the composition of rocks 
are orthoclase, albite, Inbradorite, and oligoelase, the goneral chemical ceanposition 
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4 the decomposed, and ¢ the solid ‘ite, are not unfrequent. 
Saige ea ecpernce scold, wns, bo aneeilly examined and 
it be clearly ascertained that the granitic particles at 4 are of the 
same kind, and in the same general relative positions, as those at ¢, 
and that there can be no chance of their having been brought into 
their present position by moving water. ‘I'he quantity of trans- 
ported granitic matter around granite districts, as also among them, 
is sometimes so considerable that a superficial deposit of granitic 
particles, covering a very different kind of rock, may, without due 
care, be readily mistaken for a mass of decomposed granite. In 
the same way the remains of the rock of one part of a granitic 
region may be removed and cover the rock of another portion. 

Among those igneous rocks in which hornblende* forms « 
marked component part, it sometimes happens that this mineral is 
also disintograted. 

Tn the decompesition of the igneous rocks chiefly composed of 
felspar and hornblende, when the former mineral prevails, the 
surface of these rocks has usually a white aspect, the soluble silicates 
of eoda or potash, os the case may be, being removed, and a crust, 
principally formed of silicate of alumina remaining. Where horn- 
blende much prevails, a brownish and reddish surface is common, 
the protoxide of iron of’ that mineral having been converted into a 

ide, 


Rocks in which the felspar and hornblende have both been 
decomposed, are in some situations thickly coated with a loose 
covering. The variable manner in which a mass of igneous rock 
that has been placed under equal atmospheric conditions may have 
‘been unequally decomposed, will cften afford an excellent illustra- 
tion of the original differences in it, arising not only from a varia- 
tion in the component parts, but also from the modified manner of 
their aggregation, in consequence of differences in cooling. 

Some veins or dykes, as well of granitic as of other igneous 
rocks, afford excellent examples of their variable power of resisting 
the same order of decomposing influences according, chiefly, to the 
differences arising from modifications of cooling. Some granitic 
dykes, or elvans, as they are termed in Cornwall, show, as in the 
following section (fig. 4), an amount of decomposition gradually 
increasing towards the central portion. In this section aa, bd, and 

* Hornblende is essentially composed of silica and of lime and magnesia, in variable 
these substances 


replacing each other, and sometimes also being patly 
‘Teplaced by protoxidle of iron. 








6 DECOMPOSITION OF ROCKS. [out 
OF the curious forms assumed by grunitic rocks from variable 
resistances to decomposition, those named the Kettle and Pans, at 
St. Mary’s, Scilly (fig. 5), may be taken as a good example,” 
Fig. & 





While rocks of a generally similar chemical compesition, such as 
thow: above noticed, are found to decompose in a variable manner, 
according to the different aggregation of their component parts, it 
would readily be anticipated that any rocks formed of different ma- 
terials, brought together as sands and gravel, and subsequently con- 
solidated by some cementing substance, would be found todecompose 
irregularly and according to the different powers of their component 
parts to resist the chemical and mechanical influences to which they 
may be exposed, It will soon be perceived that, taken generally, 
the cementing matter of sandstones and conglomerates decomposes 
first, liberating the grains of sand and the pebbles, that have 
originally remained such from their hardness, and which are thus 

to be again carried by moving waters to other situations, 
there to form the parts of new accumulation, The rapidity of 
‘orthoclase, and one fh of mica, and schorl rock, supposed, for illustration, the pro: 
portions varying materially, to be formed of equal parts of schorl and quarts -— 
‘Granite, ‘Schorl Hook, 
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* Though the true origin of the “Rock Basins,” as they bave been termed, isin 
general sufficiently clear, it may often have happened that, owing to a convenient 
situation, the Drulds may have employed them for thelr purposes, either aa they 
naturally occurred, or were artificially modified, 
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fact, The beds of carboniferous limestone of England, for hundreds 
of feet in depth, are occasionally found composed of little clse than 
the disintegrated joints of encrinites, mingled with shells and a 
few corals.* 

By the aid of decomposition we not only lear that many lime- 
stones are little else than such accumulations of the harder parts of 
molluscs and other creatures, many of which have lived und died in 
the places where we discover their remains; but we also find re- 
vealed the arrangements of the component parts of rocks, as well 
igmeous as accumulated by means of water, which do not other: 
es Ee, arrangements of parts exceedingly important when we 
study the original manner in which rocks have been accumulated, 
or the modifications and changes to which, during the lapee of 
geological time, they have been subjected.+ Many a sandstone, 
well weathered, ua it is termed, will exhibit as beneath (fig. 6), a 





honeycombed and irregular appearance, arising from the different 
character at parts of the cementing substance, either original or 
subsequent to the accumulation of the rock, as the case may be, 


* ‘This fact may be well stadic, among other localities, on the southern coast of 
Pombrokothire, where the cliffs afford excolloat opportunities of observing the modo 
in which the matorials of its carbonlferous limestone have beon secumulated. 

+ Asrogards tho weathering of caleareous rocks, it can be seen to great advantage 
‘on part of the shores aml amid the islands of the Lake of Killarney, where the car- » 
boniferous Limestone is hollowed into most fantastic forma. A well-known and 
Airingely-formod rock, standing out into the Groat Lake, known ns 0’Donaghue’s 
Horie, and which so well illustrated this decomposition, was unfortunately thrown 
own by the action of the fresh-water breakers upon it in 1851. Carbonic acid in the 
wators of the Lake, near its surface, hs acted very conspicuously in thiy locality. 








jacent highly inclined beds, while the upper fragments are smaller 


and mor ixed, still . Tt sometimes 
= alg aren leapt arecaheeatne oe Pea 
chemical change of iron in the cementing matter subsequently to 
the formation of the fragments, is well seen. Upon breaking these 
frugments, sections, as beneath (fig 9), will often present themselves. 
Pig. % 
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A central portion remains unchanged, surrounded by eco 
zones (06), commonly of a brownish red, arising from chemical 

action, by which the protoxide of’ iron has been converted into a 
peroxide. Similar changes of the protoxide of iron into the per- 
oxide, are observable among the argillaceous limestones, such as the 
lias, and are indeed sufficiently common. 

Tn some very earthy limestones, which may rather be considered 
to haye been once silt, highly impregnated with calcareous matter, 
the di of the latter in the higher parts of the rock, even 
to many in depth, has been so complete, and the peroxidation 
of the iron so extensive, that a rusty looking porous substance alone 
remains, Among some of the older accumulations such a rock may 
often be seen, and be found the only means by whieh beds, here and 
there containing a larger per-centage of carbonate of lime, ean be 
traced or connected. Among the older rocks also, many a layer 
of a rusty colour shows a total disappearance of the carbonate of 
lime of the numerous shells which once constituted the bulk of the 
layer, their casts, or the spaces which they once filled, alone 
remaining, while the iron contained in the mud or silt which 
first enveloped them, has heen converted altogether into a per- 
oxide. 

While thus the iron contained in many rocks exhibits a gradual 
change to a peroxide, many red marls and sandstones show an 
alteration from the peroxide of iron, giving a general red tint to 
these deposits, to  protoxide. Beneath the vegetation, and by the 
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TEMOVAL OF SOLUBLE PARTS OF KOCKS BY WATER.—TRAVERTINE AND 
CALCAREOUS GREOCIA.—CIORIDE OF SODIUM IX SPRING WATELS— 
SILICA IN WATER.—HOT SPRINGS.—SPRINOS ON THE OUTCROP OF BENS. 
—APRINGS FROM FAULTS —CACEHS OF LANTHIIS, 


AS spring waters are not pure waters, but hold different eub- 
stances in solution according to circumstances, and as it is evident 
that at least, the bulk of such waters are only rains which have 
percolated through rocks, and variably pour out again according to 
conditions, the substances so in solution must have been removed 
from the rocks, However small the soluble matter found in any 
single spring may be, on, the average, collectively its amount is 
considerable, particularly when we regard the changes which rocks 
must have undergone from this cause alone during the lapse of any 

‘ical time, when circumstances may have thus permitted the 
removal of soluble matter from any given mass of them, 

With the removal of lime as a bicarbonate we are commonly 
familiar, since by the loss of the excess of carbonic acid required to 
retain it in solution, this substance is thrown down in different 
forms varying from a simple incrustation upon vegetable matter, or 
‘upon stones or rocks, amid or over which water containing it may 
flow, to hard and compact limestones, some taking a crystalline 
form, as is frequently so well shown in the beautiful stalactites and 
stalagmites of many caverns in limestone countries. It is no un- 
common thing in calcareous districts to find the fragments of lime- 
stones which have been detached from faces of rock by atmospheric 
influence, firmly cemented together, as a breccia, by carbonate 
of lime, left by the waters which have percolated through them, 

Tn the calcareous countries of the tropics, where evaporation is 
more rapid than in temperate climates, the deposit of carbonate of 
lime may often be studied with much advantage. Heavy rains 
falling amid a mass of vegetation, the decaying parts of which fur- 
nish the needful carbonic acid, carry this with them amid the beds, 
joints, and caverns of the limestones ; carbonate of lime is thus re~ 
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moved, and when the waters uguin emerge charged with bicarbonate 


‘Trees may even thus become imbedded by the shifting course of 
the waters, as is well seen at the Roaring River on the north side of 
Jamaica, where waters containing much bicarbonate of lime, after 
Teaping over a cliff, run roaring amid a forest, the lower i 
of the trees of which they encase with carbonate of lime, and shift 
their channels as new sccumulations compel them to follow a new 
direction, 

‘Tn shallow sheltered bays also of tropical coasts, to which water 
containing calcareous matter may slowly find its way, the solution 
becoming thas highly concentrated by evaporation as it flows on- 
ward, opportunities ure occasionally afforded for observing the 
formation of the little rounded grains of calcareous matter in con- 
centric coatings, termed oolites, a slight ripple being sufficient to 
produce a to-and-fro motion on the beach on which the calcareous 
matter is being deposited. Upon breaking these ealeareous gmina, 
sometimes a fine particle of common sand, or broken shell forma 
the nucleus, at others it would appear that a simple particle of the: 
calcareous matter itself, before it became attached to any other 
solid substance, was sufficient for the 

‘Though many countries show deposits of carbonate of lime from 
Fe rece aly Tavans Leng cone 
on this account, that the name travertino has not: unfrequently been 
given to such accumulations." This deposit has also a peculiar 
interest in that land, inasmuch as we there sometimes find ancient 
architectural works, as for example, the remains of the temples at 
Pestum, constructed of travertine, containing the remains of the 
same kinds of terrestrial and lacustrine shells which now exist in 
the vicinity, and become entombed in the travertine now forming. 
‘Of large accumulations of calcareous matter depositing under the 
atmosphere and not beneath bodies of water, the plains of Pamphylia 


* Not only have we excellent of there studying the ealearcous de- 
Va ale breeding pei pone lain mera 
springs, in which other nner to produce very interest: 
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consolidated by the percolation of carbonate of lime amid the 

thus / a conglomerate. We may thus obtain not 
only breccias and conglomerates upon the land, by the evaporation 
of water, charged with bicarbonate of lime, without the aid of lakes, 
but also sheets of limestone, the overflow of rivers and the shifting 
of their courses causing the necessary deposits. It would be 
desirable, where fitting opportunities for studying the latter kind 
of accumulations may be found, cazefully to examine the differences 
between them and those deposits effected in tranquil bodies of water, 
such as lakes, We should expect, while the gmdual rise and over~ 
flow of the rivers may here and there bury, by means of the 
calcareous deposits from them, the fluviatile or lacustrine molluscs 

living previously in favourable situations, that there would be much 
a rareahecd enquaile misannts Neonesgeaicl 
to lccalities where their further progress was arrested, and where 
they became entombed beneath the limestone afterwards formed 
over them. 

Although limestone may thus silently and unperceived be trans 
ported from one locality to another, since the clearest waters may 
contain the bicarbonate of lime in abundance, many other substances 
are also, in a similar manner, borne onwards in solution ; and it 
becomes desirable, in the present state of geological science, that 
the mass of this matter, and the proportions of the substances com- 
monly composing it, should be examined. Something is done by 
every analysis made of spring and river waters; and the desire to 
obtain good waters for domestic purposes, has lately led observers 
to connect the rocks from which springs issue and afford the supply 
to rivers with the quality of waters; but it would be well more 
systematically to study the soluble matter conveyed away in this 
manner by moving water.* 

It should be recollected that when rivers are swollen’ by mins, 
though substances in solution amid the rocks may be then forced 
more abundantly out of some than at other times, the amount of 
soluble matter is not increased in proportion to the water, since 
much rain or melted snow then runs off the ground without pene- 
trating amid the rocks, Common salt (chloride of sodium) will be 
found more frequent than may usually be supposed in spring and 





* Much may be accomplished by taking up the water In olean battles, well-corking, 
sealing, ies sutnctag Tes noting thie erate of be springs, streams, and riversat the 

time as reganis the quantity of the water in them, und by obtaining a section of the 
a eonvenient simation, and a proper insight nto their velocities at the 


of tuking the water, so that a fair estimate may be obtained of the amount of 
beater, transported, 
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‘iver waters. When we consider the number of rocks which, from 
their organic contents, we have reason to suppose were formed 
beneath the sea, and which have been its of mud, silt, cand, 
or gravel, now elevated into the so that rain waters 
percolate through them, we shall not be surprised at the 

of chloride of sodium, since it is to be expected that this and other 
salts in solution in sea waters would, formerly as now, be dis- 
seminated amid mechanical deposits effected in the sea. 

Silica is well known as in solution in some waters; chiefly, 
however, found in appreciable quantities in those which are 
thermal. The geysers of Iceland have been long celebrated for 
their abundant siliceous deposits* Silica has borne such a part 
in the consolidation of rocks, that wherever opportunities occur of 
observing the effects arising from the action of silica-bearing waters, 
they should receive careful attention, ‘The manner in which silica 
may be taken up in ite nascent state, and in which it is discovered in 
heated waters, are circumstances of much importance when we have 
to consider its mode of occurrence in veins, or its agency in agglu- 
tinating the particles of mud, silt, and sands in beds of rock. It is 
‘now enown not only that certain plants require this substance, but 
that it is essential to some animals; so that the study of the mode 


easily effected than in other directions; and, secondly, from out of 





* Sir George Mackenzie (Travels in Iceland) mentions that deposits from the 
CL dha glee eer mile in various directions, with thickness of more 


than twelre ie leaves of birch aud willow are fossilized, every fibre being 
dheemtble, rushes, and peat are In every stato of 

the Great Geyser waters by Dr, and M. Damour, 
will be found in the sequel. these it would appear thet the eilles constitutes 


tibout 0°26 of 1000 perth, Including the water, 
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‘bandant fu layers from a quarter to half an 

inch in thickness, accumulated to the depth of a foot and upwards. Compact masses 

‘of siliceous deposits are mentioned as having been broken up and recemented by 

Eee fot Un compund 4s represented as beautiful. The height of some of this 
is at thi the 
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‘those of breaks and dislocations of rocks which have been termed 
Sanit, and which become channels into which waters are either 
drained laterally, or forced up from beneath. Let the following 
section (fig. 10) represent one of a country composed of different 
tock depceite, somewhat similar to these in our oolitic districts, 
for example, a a being portions of a porous and caleareous rock, 


a Phd 6 
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such as some of those sites are bene upon. cley ae 
Teposing upon a sand, ce ¢, chiefly composed of siliceous grains, 
and this again resting upon a clay, d. 

We should here have the conditions for a marked example of 
the springs of the first class. The rain falling upon aa would 
ee ree tee ep cebsrvoea Dialer by idl ee 

carbonic acid in the rain water, or obtained in its passage through 
the vegetable covering and soil. Not being able to permeate 
readily through the subjacent clay, 4 6 b, it would be thrown out 
as spring water at the junction of the two rocks, ‘This water 
would probably contain much bicarbonate of lime. The sub- 
jacent clay might furnish some water in the valley y, a slight 
portion of the mains finding its way amid the particles of clay, 
already moist, We will suppose that, as often happens, the spring 


iron pyrites), and sulphate of lime (iron pyrites and selenite being 
often common in such clays). Beneath, in the two hills to the left 
of the section, the rain falling would not readily find its way from 
above to ¢¢, though laterally this bed may be exposed to it, us a 
part is on the right of our figure, This bed has been considered 
as principally composed of siliceous grains, and to be bused on a 
comparatively impervious bed, d, which may be a clay, Springs 
would find their way out of this bed in the valley vy, and we should 
expect that, though they might contain certain matters in solution, 
theee would not be the same, at least not in such abundance, as 
from the beds a and b. 

A stream, therefore, flowing down the valley y, would collect 
waters differently charged with the substances which rains on their 
passge through the rocks had brought out in solution; and though 
the waters of'such a stream would present us with a kind of mean 
of all the substances abstracted in solution from the various rocks, 
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they would not show those obtained from any kind of rock taken 
by itself These, consequently, would have to be studied where 


rence of discimilar rocks, furnishing water holding different sub- 
stances in eolution, to be variously modified, 90 that while studying 
the kind of matter thus abstracted from rocks, he should earofially 
direct hie attention to the connection of springs of this order with 
the kind of rocks traversed by rain waters. 

‘The joints and cleavage among certain rocks greatly complicate the 
subject in some districts, and in others contorted and crumpled strata 
80 occur, that long troughs and irregularly formed basins of water 
are held up amid the beds and rocks, pervious to water, in some 
localities, while dome-shaped masses tend to throw these reservoirs 
off in others. In the cases of such basins and troughs, the water 
remaining during the drier times may perfect many solutions, which, 
when the rainy seasons come to act, are borne away in springs, at 
that season only of importance. 

Springs of the second class are commonly more constant as to the 
quantity and quality of the waters they deliver, and in this manner, 
when they traverse many dissimilar beds, furnishing the solutions 
of different substances, they are like the streams above noticed, as 

such substances. We do not, therefore, learn from them 
the kind of loss any particular rock may sustain from this cause, 
though they may be useful in showing the solutions delivered from 
the fissures, Let f in the accompanying section (fig. 11) be a 


Fig, th. 





dislocation traversing various dissimilar beds, so that the bed a is 

thrown down, as it is termed, on the left, and that we find other 

and upper beds, g } and i, occupying the same general levels, as @ 

bedand ¢, on the other side of the fault. In such a case the 
© 


their way through cracks or passages in 
the superincumbent beds. 

Connecting the heat of thermal fiult 
waters with the increase of temperature of 
» the crust of the globe inwards, as in- 

ferred from the increase of heat as we bore 
artesian wells, or descend in mining opera 
tions, the temperature of such waters would 
always be considerable, were it not that 
such temperature may be much modified by 
the conditions under which the waters 
are borne upwards and discharged. Let 
Fg, im fig. 12, represent a fault traversing 
various rocks to a depth at which the water 
in it obtains a high temperature, These 
waters could only be discharged at that 
temperature, if the rate of outflow were 
so considerable, and the volume of water 
so large, as to be uninfluenced by the 
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conditions which would exist in the rocks 
os Aap ‘Towards the surface, ranger em 
the temperature of the part of the world in which they may 
be situate, variable near such surface, but at a certain depth, 
according to latitude and local conditions influencing surfice tem- 
perature, assuming a constant temperature unaltered by the climatal 

or modifications above. Between this fixed situation, 
which in fig. 12 we will for illustration assume to be at a, and that 
beneath, at g, whore a very high temperature may exist, such a9 
212° Fahrenheit (the boiling point of water under a pressure of 


‘the earth), the water in the cleft or fault, would be at intermediate 
temperatures. Some waters, supposing a ready discharge of them 
to exist laterally, might have a tendency to percolate through the 
adjacent rocks, and enter the main fissure at depths not far beneath 
that of the lowest constant temperature, thus assisting to cool the 
upflowing waters, independently of the decrease of temperature 
RSedIGy chati cb the rcks onaddvet No doubt, under the 
conditions supposed, the sides of the fissure would be heated at 
given depths beyond that temperature which, if the heated waters 
did not rise through them, they would possees, but the discharge of 
waters, a a whole constant, and other conditions the sume, there 
would be a final adjustment of the order supposed. This would be 
a state of things conducive to the entrance of many substances in 
solution into the main fissure, which might not be introduced into 
Oh SE eeiedael lara Pipelines dee ner 

class of springs. ‘The greater heat, as the rocks increase in depth, 
Pe aese secs aP Sater chrvogh thar, al high terpeaters) 
would be favourable to the removal of silica, often perhaps, only to 
short distances, one kind of rock being modified by its gain in this 
manner, and another by its loss. Any thrown out in solution would 
be 40 much removed from them, to be employed elsewhere in the 
modifications now effecting on the surface, always assuming, for 
illustration, that the rocks traversed by the fissures furnished the 
matters held in solution by the waters flowing upwards through 
them. A supposition which will require to be modified if we 
consider that some substances or portions of them may be borne up 
into the erucks which hud not previously formed parts of solid rocks, 
are meeadmrgeey tener mi py 
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| rocks, has caused a loss to such rocks,* and afforded matter, capable 
of ready transport, to be employed, as circumstances may permnit, 
elsewhere in the formation of solid matter, or es an addition to 
solutions in the waters of lakes and seas. 

Deep mines afford opportunities for observing the rate at which 
rain waters may percolate through the body or fissures of rocks 
downwards, and analyses of these waters so obtained, give the 
substances they have, during the time of their pasuge, taken up in 
solution. In mineml veins, the waters which would remain in 
them, or flow out as surplus, being in some mines pumped out to 
depths of even 1800 or 2000 feet, we no doubt have surface waters 
dosconding further than they would otherwise do in the same time, 
the check to their progress, interposed by the water disseminated 
amid the adjoining rocks, or in the fissure, being thus removed, 
but at the came time the evidence as to the power of the surface 
‘waters to descend in the time that may be observed, and as to the 
kind of solutions effected by them in that time is valuable. 

Great care is required to give due importance to local conditions 
in such investigations, such as the comparative readiness with which 





abundance of great joints or other fissures in the adjoining rocks, the 
ehance of any rivulet or stream passing over, when swollen Ken 
fissures or cracks communicating with the main vein, and the like, 
In some coal districts, the beds of under-clay (as those are often 
termed which are found supporting, or intermingled with the coal 
beds) are usually so impervious to water, that where fwults or fractures 
of beds are rare, the collieries are little troubled with water. This 
impervious character, employing the term in a general manner, is 
well marked in coal measure districts where, as in parts of South 
Wales and Monmouthshire, the beds having a slight inclination, 
and being cut through by mountain valleys, springs of the class 
first noticed are thrown out in lines, marking those of the coal beds, 
the waters percolating through them being stopped downwards by 
the under-clays. A system of deposits in which such beds and 
others of shale occur, would present difficulties to the ready 
percolation of tho water downwards. At the same time, slight 





* Dr. Danbeny points lo the very common presence of nitrogen in thermal waters 

the water in them has been originally derived from the surface of the 
fe there continued atmospheric air, and that, descending, this air was 
deprived of ita oxygen by somo process of combustion, 
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observation will soon show, that though water may not find its way 
in a sufficiently rapid manner in some collieries to be important, it 
is still most frequently there disseminated among the particles and 
joints of the rocks, Rieu para pe eee ae 
rocks is of all attention, ly when 
Selec nen yes ange ol aaclora 
chemical ition may be effected.* 
‘The springs of the first class noticed as outflowing on the sides 
of hills and mountains, and on sea cliff, are frequently productive 
of landslips, as they are often termed, the percolation of water in 


removing 
the rocks, that a superincumbent weight not being held up 
sufficient cohesion of the mass, is launched into ‘a wiles 
seawurds as the case may be, thus producing a degradation of the 
Thad tong fase cnadidone foe fox tore vay tata 
rivers and the sea, Sinall lundslips are very common, and are 
seen in our oolitic districts, where the intermingled clays slipping 
into the valleys bring down the more consolidated superincumbent 
beds with them. Tn the coal district of South Wales good examples 
of a larger kind are to be found, and in many mountainous regions 
they are sufficiently common. 

‘Tho slide or fall of the Rotsberg or Ruffiberg on the 2nd Septem- 
ber, 1806, afforded a memorable instance of the destruction pro- 
duced by i Nace of wabor Cagis Nada avaaf fa Ria 
manner that, the needful cohesion of parts being destroyed, a great 
EREGE trans inslined lane of esbjacont rock ‘The following 
section (fig. 13) will serve to illustrate this fall, and some others 

Fig. 13, 





have been |, the result variable from differences iu the 
m exe being necessarily very 
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below, the mass would be launched in the valley d, In the case 
Spe pclstpe peelbaatngoratmanpeahe 
oe Tas eee lee 3 ati Ga 
removed De renuac of cee 
ss a high angle (about 45 » @ launch of the upper beds took place, 
and a was covered with rocks and mud.* 
ip tscim fens tpaetegs ol Looe me 
those on the back of the Isle of Wight, illustrate the destruction 
of cliffs by means of springs The following section (fig. 14) will 
show the conditions under which the undercliffs are produced at 
Fig. 4. 





Pinhay, near Lyme Regis. a ix gravel; 6, chalk; ¢, upper green 
sand, porous substances through which the rain waters percolate to 
Pe ee eee 
¢,and the upper part of the lias the upper green minds 
having over lapped the intermediate rocks observable in the south- 
east of England, and here resting upon the lisa, The water being 
thus arrested in its progress downwards, escapes where it finds the 
least resistance ; in this case towards the face of a cliff, originally 
formed by the action of the sea on the coast. Theclay is gmdually 
removed; the superincumbent green sand, chalk, and gravel lose 
their support, give way, and full towards the sea. The lias e is 
not removed by the action of the coast-breakers so fast at the cliff 
g, #8 the rocks above are by the effect of the land springs, therefore 
the upper cliff retreats, leaving a mass of fragments confusedly in- 
termingled at f, which has a constant tendency to move seawarda, 
both from the destruction of the lias cliff gy, by the breakers, and 
from the water percolating through the mass and loosening its base, 
£0 thatit gradually moves towards the shore. The chalk and green- 
sand fmgments are often sufficiently large and hard to afford, by 
their overfill, protection to the lias cliff; and thus a very confused 
‘but instructive const section is exposed to the observer. 
$ me villages of Goliau and Dasingen, the hamlet of Husloch a largo yart of the 
‘of Lowerts, the farms of Unter- and Obet-Kothon, and many scattered bouses 
bythe ruin. Goldau was crushel by masses of 


valley, were overwhelmed 
rene 2 erent of rand, ‘Tho lives lost wero estimated at 
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specific » but to the form also of these portions is their re~ 

Daaeactcckdes ts sxmnerclvoucr b ogee ne 
one case are carried in mechanical in 
orrtinel rairieen renee acer friction on 
the bottom. Small hollows will occasionally show the mode in _ 
which the matter so mechanically suspended or pushed onwards is 
brought to rest, and well illustrate the manner in which accumula- 
tions on the great scale may be and are effected. 

If we suppose the observer placed in a granitic district where 
there is much decomposition of the felspar, such for example, as 
much of that near St. Austle, in Cornwall, he will soon find that 
while the fine decomposed remains of the felspar readily mingle 
with the waters which a heavy fall of rain may produce, the 


may have sufficient rapidity to gather them up in mechanical 
suspension. While the volume of the particles of quartz may be 
larger, they are often more round, so that they are commonly 
more readily pushed along the bottom than the grains of mica, not 
only flatter but possessing greater specific gravity.* The milky- 
looking water containing the decomposed felspar is borne onwards, 
slight deposits taking place where an expansion of the bed of the 
rill or rivulet may permit comparatively still water, until sufficient 
qniet is found for the general deposit, while the quartz or mica 
are strewed in little ridges, or thrust into holes, remaining there 
if the force of the stream will permit, 

Much information may be derived as to the manner in which 
detritus is pushed forwards by rivers into bodies of still, or com- 
paratively still, water, by observing sand brought down by arivulet 
into a small pool of stagnant water, where the sand ceases to be 
foreed forwards, and consequently accumulates. It will be seen 
that little deltaform heaps of sand accumulate where the rivulet 
enters the pool, on the fan-shaped tops of which the channels, over 
which the moving water pushes the grains of sand, are continually 
shifting. Let @ in the following sketch (fig. 16) represent a pool 
Fig, 16. 
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of still water, into which a rivulet b pushes forward sand, then 
such sand will be found to sccumulate at ¢, falling down into the 
pool a, in such a manner that a truncated heap of sand is; 

which increases superficially, as shown by the concentric lines at ¢. 
Tf now, attention be directed to the manner in which the grains of 
sind have been accumulated vertically, it will be found that they 
have been arranged as in the annexed section (fig, 17) in which a 

Fig. 17. 
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Rice ih tie cad cose ee ee 
from ee eek rubbish is continually thrown over. 
werting from their courses the small streams of water which 
sandy sea beaches on many coasts, very valuable informa- 
‘be obtained as to the manner in which grains of sand are 
forward, and arranged by the pushing action of 

When brought into the deeper pools among the sands, the 
produced are extremely instructive, and in such cases the 
formed by the layers or coatings above each other, as the 
sunds accumulate, is commonly found to be about 28° or 30°. 
Having examined the mode in which decomposed portions of 
rocks, as well as those worn off by the friction of the streams, can 
be transported by moving water on the small scale, an observer 
will more readily appreciate the transport and deposit of detritus 
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The minor floods, commonly known as freshels, more or 
common in all rivers, are geologically important, not only as 
respects the greater movement outwards of detrital matter at such 
times by the mechanical action of the water, but also ag they often 
surprise terrestrial animals in low localitics, and transport 
with plants to still lower situations, or into the sea, in the latter 
case covering up these as well as estuary and marine animals in a 


In some countries the freshets, or rises of river, are periodical, 
produced from periodical causes inland, as, for example, those of 


to velocity and volume of the water, and volume and form of the fragmenta or pebbles, 








‘Lina limestone “ 
‘Red marl of the new red sandstone 





Sienitic granite (Vouges) . 5 
< 2°60 | Granite, gray (Brittany)... 
2°65 | Granite (Normandy) . . . . 
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the Nile, and deposits are then effected which do not receive 

additions until the annual time of rise again comes round. From 

this state of things to frequent alternations of floods and low states 

of rivers, there is every modification, so that the results of the 

deposits may be expected to be as modified as the cnuses of their 
His = 


When it is intended to ascertain the volume of water descend- 
ing a river at a given time, and the amount of matter which may 
be then held in mechanical suspension by it, in order by a fair 
average to estimate the volume of water and the amount of 
in mechanical suspension, borne seaward or into lakes during a 
year, or any amount of time thought desirable, much care is 
required so that the estimate may approximate toward the truth, 









course, the greatest velocity of the water would be at a; and this 


Tet fig. 19 represent a longitudinal section of the layers of 
water corresponding with those in the cross section (fige 18). 


* As we have elsewhere observed (Geological Manval, Sed Edition, 1883), there 

are few rivers more instructive than the Mississippi, man as yet not having effected 

changes on its banks, and we contemplate great natural operations, 

‘8 cannot be so well observed in those which have pea py el rae ey 
for a series 


_ | | 


ea ‘TRANSPORT OF DETRITUS BY RIVERS. [x, 1it. 
peace aegeg anpeyeamrmaglarss 7: 


on through the other layers ¢ and d, describing a curvein. As 
regards the amount of mechanically suspended detritus, in such 
a section, we should anticipate that it would be very unequally 


Fig. 19. 
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Considering the section, fig. 19, to be one taken through the centre 
of the stream, and that we add other longitudinal sections taken 
through the lines, p py p pp, fig. 18, we should have two series, 
one on each side of the central section, the terms of which could 
rarely agree, either in respect to the velocities of the water, the 
power of transport, or in the amount of detritus contained in 
them. So far, therefore, from it being easy to estimate the 


along its bottom from friction by a river, it is a subject requiring 
very great caution and skill, even to obtain an approximate rough 
estimate of the fact, 
When the water has been obtained from which it is intended to 
the matter borne down by rivers, and by a sufficient num- 
ber of trials, in different parts of the river, to estimate the amount 
of such matter passing a given locality, it is needful not to evapo- 
Tate the water, as has often been done, for by this proceeding te 
‘matter in solution is obtained as well as that in mechanical sugpe 





sion. A measured volume of water should be passed rend checrte 
filter, and the weight of the matter thus collected should be care- 
fully ascertained. 


Pally to appreciate the distance to which the various kinds of 
detritus may be borne by moving water until they be deposited, 
attention should be directed to the quantity and kind which can 
merely be pushed forward by a given velocity of such water, act- 
‘ing by friction on the bottom or sides against which it may pase, 








branches, the river will have greater velocity at a } than at bc, 
and consequently smaller pebbles and finer sand can remain at the 
bottom at be than at ab, 


conditions present themselves. Frequently, when a river takes its 
rise among high mountains, its onward course is, though often 
rapid, interrupted by tracts of level country, or even lakes, where 
the pebbles and heavier detritus are arrested; and yet pebbles 
derived from the rocks of the high mountains may be ubundantly 
found in the river-bed further down than these obstacles, such 
pebbles having been brought to the channel in which the river 
now takes its course by previous geological conditions of the area. 
‘Thus, Alpine pebbles in some of the river courses of Northern 
pate er® bot brought from the Alps into the plains 
of ly, by existing rivere, since the Lago Maggiore, the 
Lago di Como, and others necessarily stop the progress of those 
borne from the high Alps by the torrents which now feed these 
By 


attending to the kinds of rock traversing a valley, we 


long-continued I 
a} in the annexed plan (fig. 21) represent the course of a river 
Fig. 21. 





a district composed of marked, but different, rocks ¢ ¢, 

dd, and ¢ ¢, into 4 low country, where its movement becomes 
t the fall of the river-bed be such as to give 

sufficient velocity to a needful body of water to push or sweep 
forward pebbles of the size of an egg, where the full force of the 
water can be directed upon them. The river being capable of 
foreing forward pebbles of this size on the bottom, those of minor 
size, other things being equal, would be driven onwards, and there 
would finally be a size, weight, and form of detritus held up in 
mechanical suspension by the movement of the water. Under 
such conditions there would necessarily be a deposit of the de- 
tritus pushed forward by the water, wherever sufficient obstacles 
produced a less velocity in the river; and, as the river varied 
in velocity acconling to the quantity of water in it, the 














move through the lowlands in a turbid and discoloured condition, 
Slowly parting with such detrital matter disseminated through it. 

Tt would be expected under the conditions noticed, that ac- 
eumulations would take place along the line of the river course; 
and that, unless these deposits were cut up by floods and so carried 
further onwards, the river-bed would be raised. The power of a 
river to keep its channel clear, and even to work it deeper, is com- 
monly obvious where the river runs with rapidity ; but it is not 
always so obyious, without careful investigation, that its bed has 
been raised, more particularly by the pebbles and sands shoved 
forward at the bottom, 

Th many plains, modified by rivers, the shoving forward of 
detritus is shown by the mode of its accumulation, Other accumu- 
lations so thin and wide spread as obviously to have been deposited 


from mechanical suspension are often, however, intermixed, so that 
both modes of deposit have contributed to the formation of thi 
plains. Although we might feel certain that the beds of rivers 


Nice, the river ridges, formed by this cause, are striking, » loose 
behind furnishing an abundance of pebbles to the 


this fact, a b being the level of the country, in cultivation for many 
centuries, upon which artificial banks have been gradually raised 
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to ¢ d, to protect the cultivated lands from invasion by the detritus 
forced forward by the river «. ‘Thus the detritus which would 
have aaturally ccaped Pa a se ewer 

from f to ¢, notwithstanding the somewhat general plan of throw- 
ing the detritus thus accumulated over the sides upon the protecting 
banks ¢ d, thus deepening the channel when the waters in the 
river may be sufficiently low for the purpose. The Po presents on 
the larger scale a well-known example of the rise of ite bed, #0 that 
it ie higher than the houses in Ferrara, and the like may always be 
expected under similar conditions, 

A river may 60 raise its bed as for some time not to find « new 
main channel amid the adjoining plain, its turbid waters when in 
flood escaping over the banks without actually causing a breach, as 
is shown in the annexed section (fig. 24), where & represents a 

Fig. 24. 


a } e 
mana eae 
river which has so raised ita bed that there are tracts of country on 
either side ata slightly lower level. In floods such a river, spread- 
ing over the adjacent land, would leave all the detritus mechanic- 
ally suspended in its waters, a a, and which did not retire with 
the water until its level was that of the banks of the river, upon 
the ground beneath up to the rising slopes d d, thus eventually 
filling up the depressions. The more common action of a flood is 
as represented in the section beneath (fig. 25), where a river (8) 
Fig, 25. 
@ b a 

not raising its bed (the flood waters merely removing mud from 
the bottom, the only sediment there collected), the overflow of 
turbid water (aa) returns to the river bod, depositing only such 
matter in mechanical suspension as the time of roposo may have 
permitted. In these ways much sedimentary matter is distributed 
over plains during floods. 

‘The matter pushed forward by rivers, or held in mechanical 
suspension in their waters, has hitherto been regarded only with 
reference to the removal of that arising from the decomposition of 
rocks by atmospheric influences. We have now to consider the 
erosion of clays, sands, and gravels, and of hard rocks by means 
of the rivers themselves, 
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In many a river course it may readily be observed, that in- 
coherent sands and gravels are cut into by the mere friction of 
the water, even when clear. That such a moving body should so 
act would be expected, and no doubt we should also anticipate that 
umid incoherent, or easily-removed substances, any modification in 
the course of'a river would speedily produce change in other parts; 
but it is, nevertheles, extremely interesting to experiment on the 


throws the water upon another, not previously worn away, and 
the whole bed of the stream gets modified. Such experiments tend 


distances to which the fall of a cliff, the filling up of a cavity, by 
which, a forming a lake, the force of a flood may have been 
previously stayed in its full course, and other obyious circum~ 
stances have produced modification and change. 

‘There are few persons who have not noticed the manner in 
which rivers are disposed to take serpentine courses in level coun- 
tries, a fact as easily observed amid the meadows of the flat portions 
of many valleys, of very limited dimensions, as among the vast 
bends of the Mississippi, or any other of the great tivers flowing 
under similar conditions. The rivers, by their friction, cut into 
the 


channela. The waters necessarily cut away such banks at the 
bottom of each bend. Hence, if two bends be opposite to each 
other, as those in the next sketch (fig. 26), are at a, b, and ¢, the 
Fig. 96. 
‘ e 


a 
river will tend, by continued erosion, to approximate them to each 
other, go that they finally meet, and the river course becomes 
shortened by the amount of the bends previously passed over. 
Although some effects must follow the action of clear water 
upon bodies, the parts of which have not sufficient cohesion to resist 
removal, it is by the assistance of matter either mechanically 
suspended in, or forced onward by the water, that rivers most 
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readily cut into their channels and erode their books By this 
assistance they wear even into hard rocks, removing the obstacles 
impeding their courses, und which prevent the formation of a 
convenient general slope. As among the simplest forms in which 
water acts by aid of mineral matter upon rocks, we may take the 
vertical holes drilled in even some of the hardest by means of 
pebbles #0 situated, that a rotatory action is given them, each in 
one place, by moving water. These ure well known in many 
situations, where bars of rock stretch across river beds, and falls of 
water are thus produced. A pebble bore down by floods gets so 
established in an eddy that it remains there, and by constant 
friction, works a vertical hole downwards, sometimes to the depth 
of several feet. In some situations, where the obstacle has been 
much lowered by the erosive action of a stream, sections of the 
annexed kind may be seen. In rare instances the pebble, as at a 
(fig. 27), may still be seen, the section having been such ns not to 
Fig. 27. 





haye allowed it to fall out. In some situations this drilling into 
bars of rocks must have tended considerably to their ultimate 
removal, 

It is, however, whon a river is in flood, large pebbles grinding 
and driving against rocks which may be exposed to the fury of 
the torrent, and minor detritus, cither hurried onwards on the 
bottom, or in mechanical suspension, grating against and rasping, 
as it were, such obstacles, that the erosive power is most effective. 
Huge blocks are forced onwards, leaving the furrows which haye 
marked their course to attest that course in some situations, while 
the finer fnetion of small pebbles and sand produces a smooth 
surface in others. 

When endeavouring to ascertain the abrasion which may be due 
to rivers, the amount of decomposition which any rocks in their 
course may have suffered, prior to the supposed abrading action, 
should be carefully estimated, so that too much importance should 
not be given to such action. It being known that the decom- 
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position of many rocks is greatly assisted by such rocks being kept 
alternately in a wetand dry condition, the observer should notice 
if the water in any river course he may study, rises and falls, and 
in @ manner sufficient to have an appreciable influence on the 
rooks washed by it. 

Much care is required when we seek to refer the formation of a 
tavine through which ariver may find ite way tw the cutting 
power of the river itself. There is no want of evidence that even 
minor streams, more particularly when swollen by raing, cut 
channels for themselves in various directions. Tn many a mountain 
region this is a fact of common occurrence, A little study will 
show the observer that some ravines are cut back very readily when, 
as beneath (fig. 28), beds, horizontal, or not far removed from that 


Fie 28. 





position, and composed of comparatively hard rocks, such as sind- 
stones, are based upon softer substances, such as clays or shales. 
From the combined action of atmospheric influences, and of the 
falling water, with sometimes also the aid of water percolating 
between the hard and soft rocks, the lower beds give way, and 
being composed of easily-comminuted substances, are soon removed 
in mechanical suspension by the torrent, while the hard rocks, 
losing their support, are precipitated to the base of the fall. This 
mode of entting back a channel, with vertical or nearly vertical 
walls in the first instance, however they may be afterwards modified 
by subsequent falls, or erosion by small streams, may be as well 
seen in hundreds of little brooks, where the needful conditions of 
hard and sft and nearly horizontal strata are to be found, as in the 
p2 
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rally of the Niague, where the proction of «ravi of hi kind 
is exhibited on so large a scale. 

If barrier, such as » lava current, be suddenly thrown seross- 
a valley, the waters behind it, upwards, are necessarily sustained 
to the height of the lowest part of the new obstacle 
their further downwards, Should a section be d 
to the attention of an observer, such as that beneath (fig. 29), 








where a lava current, a, cmsses a pre-existing valley in granite, 
64, de being « ravine, with ¢ a river running through it, he 
should see if the stream of lava, a, has been actually cut through, 
or if’ it has never completely filled the valley, so that a space may 
have been left between the high part of the lava, e, and the bank 
of granite d, through which the waters readily found their way, 
fallacious appearance of a ravine wholly cut by the latter. 

‘The observer will have carefully to distinguish between ravines 
which the rivers may have cut and those which are mere cracks or 
tents through which the drainage watersof any district may happen 
to find their way. Therefore he must carefully search for evidence 
sufficien: eg eee ee marine nay Delong ia ae Oe 
other of these classes, Let A and B (fig. 30) represent sections of 


Fig. 30. 







two ravines. In general appearance they might correspond; and 
even supposing a crack or rent, it may have been such as so slightly 
to move the opposite masses of rock as to be inappreciable. The 
ologist should endeavour to trace some bed of rock, such as a, 

one side to the other, across the couree of the river, 
he discover such a bed thus fairly connecting the sides of 


On, TH) ACTION OF KIVERS ON THEIN BEDS a 


the rayine together (no twist in the crack or rent presenting a 
fallacious appearance of an unbroken bed), the ravine may still not 
be due to the cutting action of the river itself, for it may have 
been a channel of communication from one body of water to 
9 ptabapeh the land may have been sufficiently sub- 


ee. Hence fair evidence would still be 
iar the river really cut the channel. 

If the observer should be unable to trace the rocks unbroken 
across the ravine, the evidence would remain uncertain, for under 
the supposition that the sides so correspond as to render a disloca- 
tion doubtful, blocks of rock, pebbles, and sand, may as well cover 
a crack, such as cin B, asa continuous mass of rock. Should, 
however, the beds on either side of the ravine, if prolonged, not 
meet, that is, if, as in the following section (fig. $1), « horizontal 

Fig. 31. 


and marked hed @, be higher on one side than on the other, he will 


see that the line of ravine corresponds with a line of dislocation 
where this want of correspondence of sides ia apparent, and by 
further search he should ascertain if this dislocation can be traced 
in the same line, Should this beso, it still remains to be ascer- 
tained if the river has really done more than modify the effects of 
an action, along the line of dislocation, by which the ravine may 
have been originally worked out. If, instead of horizontal, we 
find vertical beds of rock, as in the annexed map-sketch (fig. 32), 

Fig. 32. 
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in which a } represents the course of'a river through a ravine, and 
that a marked series of beds, 1, 2, 3, and 4, do not correspond if 
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prolonged across the river, Sako oa 
Jatter flowed in a line of a dislocation. 

Should the i fhe seb hha i of il 


be found at the higher of the ravine, so that eventually 
the level of the river be equal to its most elevated portion, 


Sp egy ine a vley r h parpe of a 
they may have sustained from the action of rivers 
and other tanning waters upon them, it will often be seen, par 


lower levels through gorges or ravines of various magnitudes, Tt 
ee tee ere ts oresing Sag tel of te ee 
back the water has been removed sufficiently 
ee ee Sa, a ae 
merely during very heavy floods, that any water is spread over 
these plains, On the small as well as the large scale, this ox- 
planation would often appear probable. If as in the following 
section (fig. 33), supposed to represent three lakes, a, 6, and ¢, on 
the line of 2 mountain valley, the erosive action of the river could 
eee et ns) eis wee 


tl 


be filled by water, and we should have plains in their stead, the 

Lottoms of the lakes, with the river meandering through them, 

tushing through gorges or ravines at d, e, and f. 
eet to the effects produced by the cutting back of 
wines to such bodies of water, once supposed capable of causing 
Clea floods, at lower levels, it should be observed that 
h of water at lake outlets is generally inconsiderable, so 

t the letting out and lowering of the lake waters would be 
. ‘To illustrate this, let the subjeined section (fig. 34) re~ 
ease of a river cutting back its channel, in the manner 
(assuming that conditions were favourable for 20 
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doing), towards Lake Erie, so that the latter became drained by the 
operition, Let A ¢ represent the slope, exaggerated, of the lake 
bed from /, where the surplus waters are delivered over the barrier 
ground, and fo the level of the river below the falls cutting back 


the channel. Supposing ff" to represent the place of’ the falls, at 


2 Fig. 34. be 
== 
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any given time, it is clear, the same effects continuing, that they 
may be further eut back to g g’ and even to A h’, without diminiah- 
gees quantity of water in the lake, Once, however, at A h', 

cutting will occasion more water to pass over 
Elbe epson? is ator of thes als bs tho Ler of the top of 
the new falls, so that when these have retreated to #2’, the surface 
of the lake will sink to #¢, and the mass of water, over the whole 
lake, and above the new level, will have passed over the falls in 
addition to the ordinary drainage discharge. This addition would 


mpily 1K reducing the ener oe to ike to din 
time than it reduced it from A 6 to ie In like manner, the level 


a ened home to ace gen chbars ee ee 


that the supply by the tributary rivers and streams is not much 
diminished by this cause, and more water finds its way through the 
outlet to the lower levels, 

In yoleanic regions we may expect a modification in the drainage 
af valleys by the flow of lava currents across them, and lakes may 
be formed in Alpine regions by the fall of masses of mountain into 
narrow valleys. From the former cause many permanent alterations 
in the drainage may be effected, the dammed-up waters finding a 
new outlet, more particularly amid accumulations of ashes and 
cinders. In the case of a lava current traversing a valley, the 
dewpest part of a lake thus formed might be at the lower part, as in 












FORMATION AND DISCHARGE OF LAKES 


seen eens le, hs Hera 
has been interrupted by the flow 
Fig. 95. 








valley, @ that the river waters are ponded back, and form a lake 
ata. Supposing that « lava current fairly stopped the river course, 
yen rising somewhat on the opposite side of euch a valley, and 
thus preventing the conditions noticed above (p. 36), such a barrier 
might long remain, the stoppage of the river waters preventing any 
Tcl oflaceitus, which preriondy bad been Gove! Sesleigtiae 
the bottom, from further progress, at the same time causing much 
of the suspended matter to fall. Both conditions 
would be favournble to the filling up of the lake, such 
again to be cut through, should the barrier of the lava current be 
eventually removed. And it is to be observed that the eutting 
away of the barrier would be more easily effected when the lake 
was filled up, and gravel and sand could be brought to scour and 
wear away the channel of the rapids or waterfalls from 4 to ¢. 
When mountain masses have fallen across narrow valleys, as they 
are known to have done, and have ponded back the waters, it may 
readily happen that debacles may be formed, producing very great 
effects at lower levels, and causing the removal of masses of rook 
under such conditions, which the ordinary condition of the waters 
in the valley, with every regard to floods, would appear to render 
improbable. The observer may learn to appreciate the effects of 
such falls by throwing adam of loose sand and gravel across any 
small stream, 0 that the waters be ponded back, At first the re- 
moval of the barrier will be slight, but after a time the waters rush 
‘out, sweeping a part of the dam before them, and removing, in their 
course downwards, stones and blocks which their vegetable coatings 
show have for years well resisted all ordinary floods. 
Sometimes also in mountain regions, a cross valley may, from a 
thunder storm falling upon the area which it drains, thrust forward 
tuch a mass of rubbish across & main channel as to pond buck its 
which finally clearing away the barrier thus formed, rush 
onwards to lower levels. At other times the effects of a 
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tributary, delivering iteelf’ at right angles, or nearly #0, to the 
main river, are more gradual; and in parts of a chief valley, 
where the fall of the latter is not so considerable as to produce a 
rapid current, more permanent changes are produced. ‘The annexed 
sketch represents one of those cases, not uncommon in some regions, 


Fig. 36, 





where a tributary comes through a lateral gorge, high above the 
anain valley, thrusting forward the detritus borne along it, so as to 
form a sort of half cone. The increase of such a mass will modify 
the line of the main river, if the latter be unable to remove the 
detritus thus borne across its course. In favourable situations, 
such ag in some parts of the Alps, cottages and cultivation will be 
seen on those parts of the mound where the more or less divided 
streams of the tributary do not rush furiously onwards to lower 


the causes of debacle and change in drainage 
we not omit the consideration of glaciers falling across valleys 
from adjacent heights, since the great debacle down the valley of the 
Rhone in 1818, is still fresh in the memory of many who witnessed 
its transporting power, and who would scarcely otherwise have 
been disposed to credit the effects produced. After successive falls 
from the glacier of Getroz, during several years, into a narrow part 
of the Val de Bagnes, in the Valais, the accumulation finally be- 
came such that the waters of the Dranse, which previously found 
their way amid the fallen blocks of ice, were ponded back. A lake 
was thus formed about half a league in length, and it was estimated 
to contain 800,000,000 cubic fect of water. By driving a gullery 
at # lower level in the icy barrier, this quantity was supposed to be 
reduced to 530,000,000 cubic feet, a mass of water which, effecting 
@ passage between the ice und the rock on one side, was let off in 
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about half-an-hour down the Val de Bagnes into the valley of the 
Rhone, and thus into the lake of Geneva, where fortunately, by 
the spread of the waters, their destructive force was lost. 
blocks of rock were moved by this debacle, and a great mass of 
matter swept away to lower levels. 

Mention has been already made of the deposits effected in the still 
portions of stream courses, and of the inclined angle which the 
layers of sind and gravel take, after being forced along the bottom 
of the stream bed, and thrown over little delta protrusions into the 
pools of water. The mode of dewital deposit to be observed in 
lakes is the same as in little pools, the difference is chiefly in the 
magnitude of the accumulations, The little pools differ principally 
from lukes from being liable to be swept by floods, and the de- 
posited detritus to be thus once more lifted and borne onwards, 
which does not happen in lakes of fair magnitude. Moreover, 
discoloured flood waters spread over the pools, and not over pieces 
of water deserving the name of lakes. Lakes necessarily vary 
much as to the repose of their waters according to their 
Tn the deeper parts of euch « body of fresh water as that of the lake 
of Geneva,* there is no cause for movement from altered 
ture of the water, for experiments would appear to show that this 
temperature always remains the same at the great depths, that of 
the greatest density of fresh water being formd at all seasons of the 
year. In such situations also waves raised by winds on the surface 
are not felt, and whatever chemical or mechanical accumulations 
there take place would remain undisturbed, so long as the present 
conditions are continued. 

In the shallow parts of the same lake, and necessarily also. in 
shallow lakes generally, the waves (sooner raised in fresh water 
lakes than in the sea by the same force of wind, because the fluid 
put into motion is of less density) stir up the finer mud and silt, 
while the breakers act upon the shore, and for the time keep 
heavier matter in motion and mechanical suspension. As, there- 
fore, the deep cavities holding lakes become filled up, there may be 
an irregularity in part of the accumulations of the higher portions 
not observable beneath. 

Hf attention be directed to the mode in which detrital matter is 
protruded into great lakes, such as those of North America, Switzer- 

* Ina series of soundings of the Inko of Geneva, made in 1819, ant chiefly under 
hartge of seeing how fhr the tempernture of the water in it cor- 

to the greatest density of frewh water, an account of 


iat aalgned 
es paian,wth ‘a chart, in the ' Bibliotheque Universelle,’ for 1819, we 
Sound the greatest depth of the lake to be 164 fathoms, or 984 foot, opposite Evian. 
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lund, or Norther Ltaly, it will mrely happen that the contributing 
5 be a ctecaghg Dip ibe pad septneiergaereurcr 4 
and in different ways. Let us consider that the accompanying plan 
(fig. 37) represents that of a lake divided into two unequal portions, 
and that it is supplied with water, in addition to the rain which may 
fall upon it, by the rivers ¢,dande; thate is achief river, draining 
a large district, and d and ¢ two torrents, descending occasionally 
from adjacent mountain heights with great force, while, at other 
times, they contain little water. 
Pew: 





Let ua farther suppose that the waters of the river, ¢, are genc- 
tally turbid, like those of the glacier rivers of the Alps, and that 


river e. 

Tn order to appreciate the difference of sccumulation arising 
conditions, it may be desirable to assume that the depth 
is uniform, or nearly so, throughout, though of course 
‘iginal form of the lake basin would influence the products, 
iver ¢ would accumulate the detritus it can force along its 
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in clouds toward the bottom, as may be seen where the 
Rhone enters the lake of Geneva, and in various other similar 





matter which holdin mechanical suspension. The fine matter 
ora by th boos ia onl ix el besos oe 


Assuming the depth of the lake to have been such that turbid 
could so creep beneath the clear waters as to form a deposit of mud 
or clay, we should have the bottom of the minor division of the 


the busin of the lake, we should expect them to take somewhat of 
the form scen in the following section (fig. 38), where a represents 
Fig. 38. 





the first gravel and sand deposits, forced over at c,b mud, gradually 
accumulated over the rock basin, d the advance of the delta over 
the mud, and g the surface of the lake beyond the delta. Under 
such conditions we should have irregular beds of sand and gravel, 
with occasional patches of clay, the result of deposits in local stag- 
nant places, based upon a clay which here and there, in its upper 
portion, might contain sind or sandy clay, the effects of floods 
carrying such matter in mechanical suspension beyond the delia 
into deeper water, and there depositing it upon the mud, 
Still referring to the plan, fig. 37, we should expect the accumu- 
lations at the junetion of the torrents, d and e, with the lake, to be 
much modified in character. To render the case more illustrative, 
we may consider that, from the nature of the rocks traversed by the 
respective torrents, little else than fragments of hard substances are 
shoved forward by d, while much earthy matter and soft rocks, 
easily comminuted by friction, are mingled with the harder fmg- 
‘ments thrust into the lake by e. Ifa small amount of earthy matter 
be carried forward by d, the accumulation where the torrent enters 
16 lake would form little else than a protruding mass of fragments, 


a estes sen, wales, sn turbid water be very quietly 
‘mt one end, the mode in which the latter finds its way beneath the 


























It be at once seen, 
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composed of beds different in position, but dipping at angles vary- 
‘ing probably from 20° to 30° around the general curve of the pro- 
trusion; while such finely-comminuted matter as was held in 
mechanical suspension would descend to the bottom, and steal 
along bencath, as previously mentioned, adding to the mud derived 
from the chief stream e. The accumulations formed at b by the 
torrent ¢, would be of a mixed character between those produced 
by cand d. These causes continuing, the lake would be eventually 
filled up by clays, sands, and gravels brought into it by the rivers 
and torrents, the surface waves acting upon much of the higher 
accumulations as the general depth decreased. Finally, the out- 
falling river f, clear as that of the Rhone, where it quits the lake 
of Geneva, while the lake lasted, would be joined to the river ¢; 
dand e, as two tributary streams adding their waters to it, and 
the whole would traverse a plain, much as represented beneath 
(fig. 39), muddy sediment being added to the surface of the plain 
from time to time by floods, and the torrents still thrusting forward 
BEE 8 pies wine ay, nes 
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will readily present themselves to the attention of an observer ; 
aud, if he will combine some of them with the chemical deposits 
previously noticed, and add the harder parts of the animals which 
have either lived in, or been drifted into, the lakes, as also the 
leaves of trees and other plants, and the branches and trunks of 
trees which may eventually fall to the bottom after having been 
borne onwards sometimes quietly, at others confusedly and mpidly, 
he may better appreciate the still greater modifications to which 
lacustrine accumulations may be subject. 
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a 
upon them. Not only blocks of rock resting on the shore are 
driven forward by the repeated blows of such breakers, but those 
also bolted down on piers are often thrown off and driven 
aside in far more sheltered situations. The history of many a pier 


attention to the manner in which waves break on « coast 


whole, the coasts of the British Islands are exposed to the heaviest. 
and most incessant breakers from winds ranging from the N.W. to 
the S.W., and but slight acquaintance with our coasts will soon 
satisfy the geologist, that if the other coasts of our islands wern 
exposed to an equal amount of abriding force, a large portion of 
them would soon be cut away at a far more mpid rate than at 


te 

With regard to the force of breaker on the coasts of the British 
Islands, Mr. Stevenson has found by experiments at the Bell Rock 
and Skerryvore lighthouses, + that while the force of the breakers on 
the side of the German Ocean may be taken at about a ton and a 
half'upon every square foot of surface exposed to them the Atlantic 
breakers fall with about double that weight, or three tons to the 
square foot, Thus a surface of only twoaquare yards would sustain a 
blow from a heavy Atlantic breaker equal to about fifty-four tons. 

‘Taking an equal amount of prevalent winds and of open sea over 
which they may range, it will son be observable that the abrasion 


Patty Nheeatlla ea Dubas ahel 1824, and also in another at the commence- 
‘mont of 1829, blocks of limestone and granite, froni two to five tons in weight, were 


pTiorenge pbc eal cal enn away by a single blow of ® breaker and hurled 
‘over inte a harbour, oil ons of one and « hatter two fan atcongiy frenallea down 
upon a jetty, torn away and tossed upwarda by the fore of another. 

vlna ss of the British Association for the Advancement of Science, ae 
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of rocks, of equal hardness and similar position, is modified 
as the adjoining seas ure tidal or tideless. In the latter case, though 
no doubt the pressure of the wind upon water raises it to levels 
aboye those which it commonly occupies, the difference is not 90 
considerable as to bring any large faces of cliff exposed to the action 
of the breakers A beach, moreover, piled in front of a cliff is, in 
such seas, a rarely passed und the cliff attacked. In tidal seas, on 
the contrary, many feet are vertically exposed to the fury of the 
breakers as the tide rises and falls; and beaches piled up in mo- 
derate weather are, in fitting situations, removed by the return 
action of the breakers, so that the cliffs are again open to abrasion. 
Moreover, the rocks are exposed to greater decomposition from 
being alternately wet and dry, a consideration of some importance 
in many climates, particularly in those where the temperature fills 
below the freezing point of water during certain seasons of the year. 
Tt should not, nevertheless, be forgotten that coasts, where breakers 
teach the cliffs at high water, are frequently protected by beaches 
at low water; and that, therefore, they are moved from the abmding 
power of the waves during all the time that they fall on the pro- 
tecting beaches—a time which changes with the varying state of 
the tides and of the weather generally, $ 

Attention will not long have been given to the abrading action 
of breakers on coasts before it will be seen that there are many 
cireumstances modifying the effects which would be otherwise pro- 
duced. It will be observed that the wearing away of coasts is, 
among the softer rocks more especially, often much accelerated by 
land-springs, which, as it were, shove portions of the cliffs into the 
power of the breakers by so moistening particular beds or portions 
of them, that much of the cliff loses its cohesion, and is launched 
seawanl. The loss thus sustained in some coasts is very con~ 
siderable. 


Vig. 40. 
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‘So fur from being thus brought by, so to speak, inland influences 
within the reach of the sea, in other situations we find the higher 
of cliffs protruding over the sea beneath, as in the previous 
sketch (fig. 40), when we suppose the parts of the rock to be so co- 
herent that the breakers have been enabled to excavate the lower 
part of the cliff in the manner here represented. ‘The same action 
continuing, a time must come when the weight of the overhanging 
portion will outbalance the cohesion of the rock, and the mass above 
will full. Breakwater, as it then becomes to a part of the cliff, 
much will depend as to the length of time it may #0 act, according 
to the manner in which it has fallen, particularly if stratified, If 
composed of beds of rock, and the slope of these beds fice the sea, as 
in the following sketch (fig. 41), the breakers will have less power 
Fig. 41. 





to act upon them, than if the edges of tlic strata were presented to 
the sea, as represented beneath (fig. 42), in which position they 
offer the least resistance to the destructive action of the sea. 


Fig. 42. 





Tewill be sometimes found, that a hard rock constitutes the high 
gE 
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part of a cliff, while the lower portion is composed of a softer 

substance, such as a clay or marl, and that masses of the harder 

tock filling from above afford protection, for a time, to the lower 

part of the cliff. Thus, let a in the annexed section (fig. 43) re- 
Fig. 43, 
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present the upper portion of liff formed of std beds of reek, uch 
Eecidatchos while b's a mat! or lay, then tho action 3 that 
@, upon the cliff would undermine it, and cause the fall of masses 
of the hard rock, ¢, which, accumulating at its base, would tend 
to protect it according to the quantity of fallen rock, the size of the 
masses, and their hardness. It will be found that cliffs composed 
as a whole of somewhat soft rocks, and clays, marls, or slightly 
indurated sandstones, are often protected at their bases by an accu~ 
mulation of indurated portions of these rocks. Thus Iet the 
accompanying section (fig. 44) represent a clay in which there are 
Fig. 44. 
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nodules of argillaceous limestones, as a a (and those of septaria in 
days are often large), which, when washed out by removal of the 
lay, accumulate on the beach b. ‘These then tend to protect the 
base of the cliff from the destructive action of the breakers. 
‘The study of any extended line of coast composed of horizontal or 
slightly-inclined beds of rocks of unequal hardness will present 
abundant examples of the modified protection afforded to the base 
of cliffs from the accumulation of masses derived from them. 

Striking examples ure often to be found on our shores of the 
wearing away of the land by the action of the breakers, so that 
rocks stand out in the sea detached from the main body of the land, 
but which once evidently firmed part of it Perhaps the 
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aecompanying sketch (fig. 45) of the clifis near Bedruthan, Corn- 
wall, may afford an idea of the manner in which some of our coasts 
are thus cut back by breakers. The islets here represented have 
been formed by such an abrasion of the rocks to the present cliffs 





of the mainland, that portions, somewhat harder, and better resist- 
ing the action of the breakers than the rest, have remained. The 
breakers not unfrequently work round portions of the cliffs, forming 
a cave through a pnijecting point or headland. This, fram the 
continuance of the same destructive action, becoming gradually 
enlarged, the roof, from the want of support, falls, and the point 
becomes an island, round which the breakers work thei way, 
gmdually increasing the distance between it and the mainland. 
As might be expected, amid the wearing away of coasts by 
breakers, innumerable instances present themselves of unequal 
action on the harder and softer substances, according to their ex- 
posure to the destructive power employed upon them, so that long 
channels and creeks, and coves of every varicty of form, ure worked 
away in some situations, while hard rocks protrude in others, 
Fig 46. 
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Coves afford shelter to the fisherman, from being hollowed out in 
some localities, while the hard ledges act as natural piers in others, 
The previous sketch (fig, 46), of Polventon Cove, on the east of 
Trevose Head, Cornwall, may be taken as a fair illustration of a 
harbour scooped out by the action of the breakers, which have so 
worn away the slate a, from a line of hard greenstone, 5, that the 
latter forms a natuml picr, named the Merope Rocks, affording 
shelter from the north-west winds, which, when surong, are much 
to be dreaded on this coast.* 

It is not often, however, we should expect, though it must some- 
times occur, that a mere trce of beds, superincumbent upon 
dissimilar rocks, can be found on coasts, showing how such may be 
entirely removed from the subjacent rocks by the action of the 
breakers, In this respect, the annexed sketch (fig. 47), may be 


Pig. 47. 








useful. Tt represents a small patch a, of a conglomerate of the 
new red sandstone series, named the Thurlestone Rock (in 
Bigbury Bay, South Devon), reposing, with a moderate dip sea- 
ward, unconformably upon the edges of Devonian slates b. Here 
the breakers have almost entirely removed the red conglomerate 
which was deposited upon the slates, and, no doubt, ance covered 
them far more extensively than is now observable. 

In estimating the abrading power of breakers on an extensive 
line of const, it is desirable not only to direct attention to the 
telative hardness of the rocks of which it is composed, but also to 
the position of the beds (if the rocks be stratified), and to the planes 
of slaty cleavage and of joints, It will soon be apparent that 
among stratified rocks, lines of coast, under otherwise equal cir- 
cumstances, depend on the directions and dip of the beds. Their 
position relatively to the force of the breakers is necessarily impor- 
tant; for if a series of beds, such as thom in the accompanying 

* Polvonton Cove wasat one time well known as a smagzling station, and is now often 
‘isited by veusols waiting for the tide into Padstow Harbour, a few miles distant, 
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sketeh (fig. 48), dip seaward, the action of breakers falling on them 
in the manner represented would be comparatively trifling, since 
Fig. 48. 





the return of one breaker down the seaward slope of the beds, 
diminishes the force of the next falling upon it, and the power of 
the remainder, rushing up the elope, is gmdually expended, and 
mects with no direct obstacle upon which it can destructively act. 
The positions in which the edges of the beds of any given rock are 
exposed to the action of the sea, are those where the abrading power 
of the breakers is most successfully exerted. Let us suppose that 
the annexed plan (fig 49) represents a line of coast exposed to the 
Fig: 49, 


north and west, and that the abmding action of the breakers is 
equal from both points; then the effects produced will depend upon 
the resisting powers of the rocks themselves, Taking the country 
to be compased of beds of slates and sandstones, having a strike or 
direction from east to west, and a dip about 45° to the north; then, 
supposing no cleavage planes, and the slates to be parallel with the 
sandstone beds, the resisting powers of the rocks would be greatest 
on the northern coast, since the beds would there all slope seaward, 
while the same rocks would be liable to much abrasion on the west, 
the edges of the beds being exposed in that direction. Numerous 
indentations would be the result, similar to those represented in the 
oo CE genet eh amie se 2 
harder constituting the most prominent headlands, 
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In all investigations ag to the kes of land from the action of the 
sea upon it, dependence can rarely be placed on old maps of coasts, 
which are for most part very inaccurate; indeed, there would be no 
difficulty in producing those which would, when compared with a 
good modern survey, apparently show an increase of half or three- 
quarters of a mile on a cliff coast, where, in fact, there had been 
considerable loss, 

We have seen that cliffs become abraded by the action of the 
breakers, sometimes alone, at others combined with that of the 
atmosphere and of land-springs. The mincral matter so brought 
within the influence of the sea has to be removed, and observation 
soon shows, that while one part of it is caught up in mechanical 

ion, and is then liable to be carried away by the movements 
of tides or currents, another portion remains and is exposed to the 
grinding action of the breakers on the coast. ‘This latter portion 
necesmarily varies in size from the block, which can only be shaken 
by the blows of heavy breakers discharged upon it, acting with their 
greatest power, to the small pebble temporarily caught up in 
mechanical suspension, even by minor breakers, but which again 
sinks to the bottom when not exposed to their inflienes, 

Tt will be observed, respecting shingle beaches, that during a 
heavy on-shore gale, every breaker is more or less charged with the 
materials composing the beach, and that the shingles are forced 
forward as far as the broken wave can reach, their shock aguinst the 
beach driving others before them, not held in temporary mechanical 
suspension. Shingles are thus projected on the land beyond the 
reach of the retiring waves, and there accumulate in long ridges 
parallel to the coast, especially where the land is low behind the 
shingle beach. Heavy on-shore gales and high tides combined 
necessarily produce the greatest accumulation of shingle in sueh 
localities, and although occasionally « breach may now and then be 
formed at such times, it becomes speedily filled up by the piling 
action of the breakers. 

Attention to a shingle beach will soon show, notwithstanding the 
minor removal of portions from one place to another, backwards and 
forwards, and the modifications arising from the obliteration of the 
little lines of beach, not unfrequently produced during moderate 
weather, that as a whole it travels in the direction of the 
breakers until arrested against some projecting portion of the coast. 
‘This must happen, if any force act upon the shingles more in one 
direction thun another, since they would be compelled to travel in 
conformity with it; and observation proves that such is the fact, 
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the particular portion of cliff whence have been derived, but, 
also, though breakers appear to adjust Ives to the tortuous 
character or outline of a coast, that there is always a slight oblique 
action in consequence of the main direction of the wind at the time, 
One of the simplest forms in which the shingles of a beach are 
‘een to have travelled is where, as in the annexed plan (fig. 50), we 
Fig. 50, 
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derived from a coast, 6, stretching in the direction to which the 
prevalent winds blow, the shingle beach being unable to cross over 
to the opposite coast (@) in consequence of the flow and ebb of the 
tide in and out of an estuary (¢, ¢), into which a river (f) discharges 
iteclf at the higher end. In such cases, and they are to be seen in 
many situations, the rush of water is able to keep the channel open 
between the spit of beach d and the coast, a, not on the side of the 
prevalent winds, the ebb tide, especially when the river is in flood, 
effectually keoping the passage clear, and throwing off the shingle, 
which strives to cross over and block up the estuary. 

‘There are good examples on the coast of Devonshire, at Teign- 
mouth and Exmouth, of tongues of beach thus formed, but trending 
in different directions, exposure to the prevalent breakers being 
clearly seen to be the cause of the opposite directions taken by the 
beaches. At Teignmouth, a small portion only of the beach is 
derived from the rocks on the southward, and the river mouth is 
protected from the southerly and south-west winds, but exposed to 
the eastward and north-cast, Hence, the beach is driven to the 
southward, and the river keeps its channel open by escaping against 
the hard cliffs of the Ness Point, The reverse of this action is 
observed at Exmouth, 

We have various examples on our coasts (the Looe Pool, near 
Helston, Comwall, and Slapton Pool, in Start Bay, Devon, are 
illustrative instances), where the river waters being insufficient 
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to contend with the beach-piling action of the breakers, the outlet 
for the fresh waters is completely crossed by beaches, and lakes are 
formed behind them, the surplus waters percolating through the 
shingles, From this state of things to the escape of a river, by 
passing close to a hard cliff, there is every modification. In many 
localities exposed to open sea, the minor streams will be found 
aici Gp tc tia Hecht basckiag)accDeting SSbATNEN 
of the weather, A heavy on-shore gale throws up a bar of beach, 
which a flood from the land removes, and so the conditions alternate, 
with every kind of modification. ‘The following (fig. 51) is a sec- 
Fig. 51. 
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tion through the beach and lake at Slapton Sands, Start Bay, a, 
being the sea, which throws up the beach 4 ; ¢, the freshwater lake 
behind the beach; d, the weathered and decomposed portion of the 
slate rocks ¢, This section is interesting also from showing that, 
at the present relative levels of sea and land in that locality, the sea 
has not acted on the hill d e, since the loose incoherent substance 
of @ would have been readily removed by the breakers. 

‘The Chesil Bank, on the coast of Dorsetshire, affords a good 
example of the driving forwards of shingle in a particular direction 
by breakers, produced by the action of prevalent winds. It is 
about 16 miles long, connecting the island of Portland with the 
mainland, and for about eight miles from that island, is backed by 
‘a narrow belt of’ tidal water, known as the Fleet. From its posi- 
tion, the heavy swells and seas from the Atlantic, often break 
furiously on ‘lao bank, which protects land that would otherwise 
goon be removed by them. The following (fig. 52) is section 

Fig, 5%. 


across the Chesil Bank, @ being the bank ; 6, the water termed the 
Fleet; ¢, small cliffs formed by the waves of the Fleet, and by falls 
fiom the effects of land springs; d, various rocks of the oolite group, 
pretected from removal by the Chesil Bank, and e, the sea, open to 


antic, In this case also we scem to have an example of the 
¢ breakers not having reached the land behind since the 
of the sea and land were such as we now find them, 
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A gradual sinking of the coast would appear to afford an explana- 
tion of the phenomena observed, and is a supposition 
with the facts previously noticed at Slapton Sande, 

‘The general travelling of shingles on a coast, much modified by 
conditions, may be illustrated by the following plan (fig. 53), in 





Bied 
which G, C, B, A, and F, represent a line of coast exposed to the 
prevalent winds W.W. The lines of waves are shown by dotted 
lines, made to curve inwards behind protecting headlands, In 
consequence of the configuration of the coast, and its chief exposure 
to the action of breakers, the shingle would tend to travel from A 
to F on the one side, and from A to G on the other. There would 
be little impediment to their course along the line A F, until the 
river, on the right, presented itself, where K represents a cliff of 
hard. mek, and I’, the tongue of drifted beach, arising from the 
conditions previously noticed (p. 55), Between A and G the 
effects would be different, particularly if it be assumed that the 
point of land B projects into deep water. Considering the river at 
D as small, the beach would traverse its mouth and be only 
removed during heavy floods, so that the mass of shingle would 
tend to travel towards the point B, and there descend and aceu~ 
mulate in deep water. Supposing C another point of land jutting 
into deep water, it would bar the further progress of the shingle travel- 
Ving from M to it, a beach closing the outlet of the lake at 5, assumed 
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to be shallow, and under the conditions previously mentioned as 
existing at the Looe Pool and Slapton, the back fresh-waters being 
unable to foree outwards the beach accumulated by the breakers, 
At L (fig. 53), w€ have shown a marsh accumulation behind the 
protecting influence of the shingle beach F, this accumulation 
boing » deposit from the checked waters of the river, by the action 
af the flood-tide, when rains had caused detritus to be borne down 
in mechanical suspension by the river. Prenproaaet gyi 
may aid in showing the modification often observable where the 
tongue of beach is composed of sand, backed by sand-hills: @ repre- 
Fig. 54. 





sents a tract of low level land, which may cither have been 
formed by the filling up of an estuary under existing conditions, 
or be the bottom of an estuary of a previous time, now raised ; 6, 5 
a sandy beach and sand-hills, protecting the low land from the 
myages of the sea; and ¢, ¢, a river which makes good its course to 
the sea, by keeping close to the hard cliffe. We have also assumed. 
that a small stream, such as f, occurs, 80 that it does not find its 
way to the main stream, but loses itself in pools amid the sand-hilla, 
the mud from it tending to consolidate and cement the blown sands, 
binding them together, and hence supporting a vegetation which 
would not otherwise have found the conditions for its growth. 

In these situations there is often a severe struggle between the 
action of the sea (swept by prevalent winds w, w (fig. 54), piling 
sand upon the beach 6, 6), assisted by that of the wind on the sand- 
hills, and the waters of the river. ‘he effect of such a little stream 
‘a fis not unfrequently to give much firmness to the end of the 
beach and sand-hills towards g, while the sind blown over towards 
main river is caught up by it moa sain cated Se 
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Let us now consider sindy beaches and sand-hills, bordering 
coasts gencrully, ‘The sand on sea-shores is derived from the rivers 
bearing it down in mechanical suspension, or forcing it forward on 
the bottom to the sea; from the wearing away of cliffs of eand and 
sandstone by breakers, or from the attrition of the pebbles or shin- 


Bas tne tee vay ig with iy 


Regarding the common occurrence of seashore sand of « certain 
average degree of fineness, it should be observed, that as detritus 


various portions of our own coasts, as in those parts of the world 
where the shores present little else than sandy dunes for hundreds of 
miles. A low line of const with a shallow sea outside, and pre- 
senting a fair exposure to breakers, is usually sufficient for their 
production. The greater amount of shore dry at low water in tidal 

seas, and the greater the exposure to prevalent winds, the larger is 
FRAT PAld occas Sool os exaet lls, clscsed ici BB 
equal. og ieee generis A large tract of sand, 
exposed between high and low water mark, and under the influence 
of a strong on-shore wind, is soon partially dried on its surface, and 
the dried sand is ewept inland beyond the reach of the breakers of 
the rising tide, which could have again eaught up this sand in 
mechanical suspension and have distributed it, 


retardation of the wind current, that similar grins of sind are 


merely swept along the bottom. In such respects this perfectly 
wcoords with the movements of detritus in river channels, and 








ridges produced | ‘he Gidea of “water eursent FOr Nenad 
accumulations, may be advantageously studied where wind currents 
drive over sand. 
‘To observe the manner in which the sands furrow and 

and move onwards, a time should be chosen when the wind is not 
‘sufficiently to hold the sand in mechanical suspension, 
but merely to drive or push it onwards. The ridging, as shown 
in the annexed section (fig. 55), is accomplished by the driving of 


Fig. 5. 
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the grains with sufficient force by the wind acting in the direction 
w, w, merely to carry onwards those on the surface, the retardation 
of which by friction on those beneath so acts that the grains at 6! 
are driven on to the ridge a', and by accumulation (the power of 
the wind being sufficient to cut down the ridges to a kind of gene- 
mal level, or curve, as the case may happen to be) fall over into 
the furrow 2, and so on with the ridges @ anda. As the friction 
is continued, the crests of the ridges advance, and their places are 
occupied by furrows, to be replaced by ridges. When the velocity 
of the wind is favourable for researches of this kind, an observer 
will best see the advance of the ridges, by placing himself amid 
the moving surface, and directing his attention to the ridges 
nearest him, at the same time making due allowance for the obsta- 
cles presented by his feet, which will produce modifying influences, 
readily appreciated. 

Arrived at the margin of the shore line, the sands pushed 
forward in the manner noticed, or caught up in mechanical suspen- 
sion, when the winds are sufficiently powerful, accumulate, forming 
ranges of sind-hills, in some countries characteristic of long lines of 
coast. By their accumulation and tendency to move inland, in the 
direction of the prevalent and more powerful winds, they produce 
changes upon the adjoining low lands, and even upon considerable 
slopes of adjoining hills. The sands accumulated in the Bay of 
,may be considered as affording an illustrated instance of 
ton the land, and the modifications thence pro- 




















of fresh water, formed by the rains, which cannot find 4 passage 
into the sca in the shape of streams. Forests, cultivated lands, and 
houses disappear beneath them. Many Sere in the 


Gat sra sic ha hese “Laden! alec htc elas 
threatened with destruction. _ “One of there villages, 


them ; sd/one sund-bill, more thacr 60 feet high, may be said to 
besten advancing. In 1802, the lakes invaded five fine firms 


At times, a strong off-shore wind forces sand back to the sea, act- 
ing not only on the sund-hills over which it blows, but also on the 


still more easily carried seaward when left dry for a longer time, 
between the highest lines of neap and spring tides. 

As the sand commonly found in sand-hills is not usually borne 
high in mechanical suspension by the winds, such districts will 
not long have engaged attention before the power of running 
water, even of small streams, if’ their courses be unobstructed and. 

arly rapid, will be seen to prevent the extension of blown sands 
The sand drifted, falling into the streams, is carried onwards by 
these waters, and is thus prevented from traversing them. Sand- 


* Cuvier, Din mer los Revolutions he Globe. A thoosand toines la about 6,400 English 
feot, or somewhat less than a mile and one quatter. 

+ Geod of this fact may be observed on the coast of Cornwall, ‘The 
Porran Sands are this bounded for nearly two miles between ‘Treamble and Holy 





a COAST SANDANILIS, (cul. 


drifts are sometimes also found stopped by the flow of tidal waters 
in and out of lagoons. Of this kind, the accumulation of sand at 
the northern side of « spit of land, terminated by sand-hills, near 
‘Tramore, on the eastern coast of Ireland, may be considered as a 


example, 
As having a geological bearing, the olwerver would do. well 


mingled in sund-hills. Portions of seaweeds will frequently be 
found blown, when dry, amid the terrestrial vegetation of the 
eand-hille ; and the shells of the helices, which are often found in 
aoultitudes in such situations get mingled with marino shells, or 
their 

An some situations, the sund-hills are largely composed of com- 


hardness of many sandstones. ‘The earbonate of lime of the shells 
rep 





ORS Much land is stated to have been covered by drifts from the Porman 
in consequence of a small stream having been covered by mining operations 
near 


aig pane "Atay aaa ra Ce ao 


[oa see hard ear peigere epee ‘The grains are vo theroly 
cemented fn this New Quay sandstone, that where it graduates into a kind of eon~ 
glomerate, pebbles of quartz and hard sandstone are generally broken through by = 
Blow on the eumpound rook. 


CHAPTER V. 


DISTRIBUTION AND DEVOSIT OF SEDIMENT IN TIDELESS SKAS—DEPOSITS OF 
‘TRE NILZ—OF THE PO AND RHONE.—CONTEMPORANEOUS DEPOSITS OF 
GRAVEL, SAND, AND MUD.—DEPOSIT OF VOLCANIC ASHES AND LAPILLS.— 
DEPOSITS IN THE BLACK SEA AND THE BAETIC—OULF OF MEXICO AND 
‘MISSISSIPPI. 


As tideless geas might be considered as mere salt-water lakes, the 
distribution and deposit of detritus in them would, as a whole, 
resemble that of fresh-water lakes, particularly of those attaining 
the magnitude of the great North American lakes, but for the 
difference m the relative specific gravities of their waters. Slight 
attention to the overflow of rivers swollen by rains, and changed 
with mechanically-suspended matter, into the sea, will show that 
the discoloured waters of the rivers, instead of falling beneath the 
waters into which they flow, as is seen at the higher purt of 
the lake of Geneva, and numerous other lakes, proceed seawards 
on the surface of the sca waters, and often to considerable dis- 
tances, The cause is simply that, though discoloured by the 
detrital matter held in mechanical suspension, these river waters 
are still specifically lighter than the sea waters into which they 
flow. 


‘The distances to which the river waters sometimes flow sea- 
‘ward, transporting fine detrital matter, parting with it gradually, 
oust, when the great rivers of the world become full and turbid, 
be often very considerable. Colonel Subine has stated, that at 
three hundred miles distant from the mouth of the Amazons, 
discoloured water, supposed to come from that river, was found, 
with a specific gravity of 1:0204, floating above the sea water, 
of which the specific gravity was 1-0262, the depth of the lighter 
‘water being estimated at 126 fect. It would be well that observers 
should direct their attention to such facts, for their accumulation 
would tend much to show us the extent to which fine sedi 
matter may be thus borne beyond the action of tides and coast 
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currents.* As much matter may be thus distributed in chemical 
solution, valuable information might also be collected as to the 
kind and quantity of substances so held in solution. 

From the varied depths near its shores, the Mediterrancan 
affords us a good example of the deposits effected in seas which 
are commonly termed tideless. The great rivers which discharge 
themeelves into it, such as the Nile, Po, and Rhone, now trums- 
port little sedimentary matter that is not finely comminuted, and 
of easy mechanical suspension, The Nile, which has been esti- 
tated to deliver a body of water ee ae ma eee 
BSsP0b0 Gises Slat which flows ont of the Thames 
rise in June, attaining it) maximum height in August, and th 
falling until the next May, must thrust forward, from ite perio- 
dical rise and fall, fine eedimentary matter with great regularity, 
tending thus to produce consecutive layers or beds of mud and 
clay of considerable uniform thickness and character, in those 
situations where modifying conditions do not interfere. Part of 
the fine: matter brought down from the interior in mechanical sus- 
is deposited on the lower grounds traversed by the Nile; 
and it has been calculated that the surface of Upper Egypt has, in 
this manner, been raised more than six feet since the eommence- 
ment of the Christianera, The fine matter not 80 deposited, pass- 
ing with the river waters seaward, is necessarily bome furthest 
outwards when the greatest force of the river water prevails, 
namely, in August of each year. 

‘The matter thus borne seaward may be kept a greater or less 
time mechanically suspended, according to the agitation of the 
surface by winds, but, as a whole, there must be an average 
area over which it is thrown down; the greatest distance of the 
deposit from the mouths of the Nile being attained in August, 
though the greatest thickness of a year’s deposit will be nearer 
the land. As the river mouths advance, these sheets of fine sedi- 
ment would be expected to extend further seaward, overlapping 
ach ether. 

Where the surface of the sea cuts the slightly-inclined plane of 
sedimentary matter, partly in the sea, and partly on the land, the 


* Very little practice would enable those who may have opportunities of making 
observations to ascertain the amount of matter mechanically suspended in waters 
of this kind. If the scales be not very delicate, by pouring a large volume of the 
water through # filter, previously weighed, such an approximation to the truth may 
‘be obtained as might be useful. As previously observed (p. 28), mere evaporation of 
oat: srould give not only tho matter in mechantea! suspension, but that als fs 
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breakers separate the finer from the coarser substances, keeping 
the former easily in mechanical suspension, and removing them 
from the shore outwards, ‘The result is, an arenaceous boundary, 
with banks so formed as to include lagoons, such as are seen in 
the accompanying sketch of the delta of the Nile (fig. 56), at 
Lakes Mareotis, Bourlos, and Menzalch. 


Fig. 56. 





These lakes gradually fill up, the shore advances, and so, even 
supposing the same relative level of sea and land not to be altered 
throngh a long succession of ages, the bed of the Mediterranean 
becomes more shallow in that region, and a mass of matter, such, 
for the most part, as would eventually form clay, is accumulated ; 
the upper portion sandy from the action of the breakers upon the 
level of the sea, and from the sifting action, so to speak, of the 
nae further seaward, at depths where that influence could be 

It. 

From the periodical character of the rise of water in the Nile, the 
equivalent periodical deposits might even be marked by bands or 
layers extending to distances bearing a relation to the amount of 

ing power of the river waters, so that coarser particles 
could be carried further and over more extended areas at one time 
than at another. The general deposit, however, gradually advanc- 
ing seaward, successive annual accumulations would, as a whole, 
overlap each other. 

When we regard the Po and Rhone, we have not the same very 
marked periodical rise of their waters; though no doubt, taken as 

Fr 

















along shore, would gradually be spread, 
in thee with ph of cy, oly, dep e 
behind lines of beach thrown up by the break: 

RAST itGe Gia Serdly’ wicioned es wake Aca An 
inspection of a good chart of the Mediterranean will show that 
there are many others, the floods in which only bear mud and 
eands into it, the heavier detritus not reaching the shores, the fall 


became uplifted above the level of the sea, we might have a sheet 
of arenaceous matter covering another of clay, the parts of each, 





* As respects the Po, M. Prony considered himself authorised to conclude, fram 
the examination of « large amount of evidence, * First, that ar some ancient 
the precise date of which cannot now bo mscertained, the waves of the Adriatic 
washed the shores of Adria, Secondly, that in the twelfth century, before a passage 
ad been opened for the Io at Ficarrolo, ou its left or northern bank, the shore had 
already been removed to the distance of 9,000 or 10,000 motres (S$ to 6 miles) from 
Adria. Thirdly, that th extrenitis ofthe promontories formed by the two 
branches ef the Po, before the excavation of the Tagio di Porta Viro, had 
‘your 1600, or in 400 years, to @ medium distance of 18,500 motres (about 11) 
beyond Adria; giving from the year 120) an average yearly increase of the 
25 motres (82 foet). Fourthly, that tho extreme point of the present 
Promontory, formed by the olluvions of the existing Lranches, is advanced to. 
fea cate Kobe fs 90 se) Sarl 
verige yearly progress is about 70 metres (229} foot) during the last 200 years, being, 
6 diy rretececen Tepe ee pram cbeader! amr les Rew. be 
» M. Morlot infers that the land round the head of the Adriatic is gradually 
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though continuous, formed at different times, and portions of the 
clay equivalent to parts of the sand. There would be zones, 80 to 
speak, of arenaceous matter corresponding with the advance of the 
coast, and not separated from the common sheet of that of which it 
constitutes a part, being formed at the same time with a layer of 
clay, which a prolongation of the sandy coating would cover at a 
subsequent period. 

‘The same yea fortunately furnishes numerous examples of short 


the same as when torrents discharge themselves into lakes, with 


under such conditions, an accumulation of the following kind (fig. 
57), a @ being a section of the land, formed of beds of rocks 
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, notwithstanding the extension of each layer omtit i 
alas stated, being equivalent to perpen: 
‘Teasons before assigned. 

Where depths were less considerable, we should expect an inter- 
mixture of the gravel and sand in a more irregular manner, and 
with an arrangement depending on the action of the breakers upon 
them; this action tending wo pile back the shingles, as » whole, 
while it permitted the sandy sediment to be caught up in mecha- 
nical suspension, and thus i¢ might be carried outwards by the river 
waters, in places where the stream of these waters could be felt. 
As previously observed, the finer and mechanically suspended 
particles would be borne over the surface of the sea, according to 
the volume and velocity of the outpouring river waters, eventually 
forming a layer of mud or clay where deposited. It will be obvious, 
that as the volume and velocity of the river waters varied, so would 
be their power to carry outwards, beyond the influence of the 
breakors, mechanicully-euspended matter of difforent volume and 
weight, and hence that, within a certain range, there might be 
mixed layers of sand, silt, or mud, according to circumstances, 

Not only do the rivers thus contribute matter, borne down by 
them to the shores, to be there arranged by the breakers, or thrust 
out into the sea and deposited in it, but every river also bears 
down some matter in chemical solution, to be added to the solutions 
present in theses. In tideless seas, each river sends down its solu- 
tions into water which may, to a great extent, be considered stag- 
nant, notwithstanding certain movements or currents sometimes in 
it, so that at the embouchures of the rivers the substances «9 borne 
down prevail within distances to which the river waters may act. 
In many localities around the Mediterranean, the river waters 
trnsport large quantities of bicarbonate of lime in solution, 
While we may cinsider that much of thissubstance is consumed by 
fish, crustaceans, and molluscs, for their harder parts, there is pro- 
bably a large surplus which eventually takes the form of caleareous 
accumulations beneath the sea, The rivers which transport bicar= 
bonate of lime abundantly would, when in flood, probably also 
carry forward sedimentary matter, so that at the mouths of such 
rivers we might have alternate times, variable probably in duration, 
when the rivers were clear, and carried forward, as compared with 
the volume of water, a large proportion of bicarbonate of lime, and 
when this substance bore a far less proportion to the volume of 
water, while fine detritus wasabundant. Under such conditions we 
should have alternately layersof mud and calcareous matter, or mud 
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‘more calcareous at one time than at another, s that eventually the 
pee eh tea eo oopanio i oda a 
to the times when it was most 
out of the rivers. ra regrtheen paper ving 
commonly enough in solution in some rivers, mingled with the 
mud, and eventually crystallizing out as selenite, a mineral so fre- 
discovered in various clay beds. Many other combinations 
of different substances, some in solution, others mechanically sus- 
pended, and borne down by the same rivers, will readily present 
themselves to the mind of the observer, and suggest attention to 
the conditions under which both are carried out into tideles seas. 
When considering deposits in tideless seas, we must not forget 
those resulting from the fall of ashes aud lapilli, crown out from 
volcanos. The Meditermancan «nay fortunately be considered with 
reference to this kind of accumulation also, as there are volcanos 
in action in it, undon its shores. ‘The great eruption in 79, which 
not only overwhelmed Herculaneum, but showered ashes in such 
profusion upon Pompeii az also to bury that town, could not fail to 
have thrown a large amount of ashes and Jnpilli into the sea; and 
considering the distances to which ashes are known to have tra- 
velled from volcanic vents, the ashes at least may have been widely 
ypread. It will be obvious that whatever kinds of sedimentary 
accumulations they subsided upon through the sea, the ashes would 
mingle with them, coating over such deposits where tranquillity 
reigned, either from the depth of water or other causes, with a layer 
ofash, Where the action of waves on the bottom, or of breakers 
‘on the coasts, could be felt, in whatever tranquil state the ashes may 
have fallen originally to the bottom, they would be mixed up with 
the mud, sand, or pebbles, as the ease might be, when thus acted 
upon, so that the partigles of the ash would be disseminated among 
them. All rivers upon which the ashes fell would probably bear 
much of them outwards in mechanical suspension, for the fine 
BP iieriiteh cs be cp boens and be corned by the twinds Ws grate 
distances would not readily subside through the river waters. 
Under this view, the deeper parts of the Mediterranean, and 
especially those to which other sedimentary matter could not be 
carried by the movement of sea currents, or the drift of river 
waters outwurds, would be those where the layers of ash would be 
most unmixed with other matter, excepting as regards the deposit 
Yoo Saar solution in the sea, and to which 
great tranquillity may be favoumble. We do not know the 
rela at which calcareous accumulations may now be forming jn 
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aise Sling stems woah ee escent 
upon them would either accumulate werent 
win aith the limestone, uccording to the sity th 
widhastoexpaluan or the caleareous matter be deposited. 
Saray oe there volcanos on the borders of this sea, of the 
magnitude of Etna and Vesuvius, throwing out ashes and Inpilli, 
but we have had evidence in our times, so lately as 1831, of the —~ 
uprise of a voleano through the sea,” between Pantellaria and the 
coast of Sicily, and from deep water.} Columns of black matter 
are described as being thrown out of the crater, to the height of 
Ree Gis tideaniel oot, epreadin ort widely even to windward. 
‘The upper part, above the sea at least, seemed to have been 
composed of athes, cinders, and fragmentsof stone, commonly 
Among these, fagments of limestone and dolomite, with one, 
several pounds in weight, of sandstone, were observed, appearing to 
show that the volcanic forces had broken them off beds of these kinds 
of rock, when the igneous matter had been propelled through them, 
An island so constituted, could not long resist the destructive 
action of the breakers, and thus, as soon as the supply of ashes, 
cinders, and fragments of rock ceased, it was cut away by them, 
and reduced to ashoal. During the time that this volcanic mass 
was accumulating, a large amount of ashes and cinders must have 
been mingled with the adjacent sea before it reached its surface, and 
no slight amount would be distributed around, when ashes and 
cinders could be vomited into the air. Add to this the quantity 
eaught up in mechanical suspension by the breakers, and there 
would be no small amount to be accumulated over any deposits 
forming, or formed on the bottom around this locality, and out of 
the reach of any Inva eurrents which might have flowed beneath 
the level of the sea, The breakers while they removed the lighter 
substances would, as it were, so sift the whole, that the heavier 
| fragments would gradually subside to lower levels, and eventually 
beneath the action of seas breaking above, or simply moving the 
bottom during very heavy weather, Finally, there would be a 


* To the island thus formed the various names of Seiasca, Julia, Hotham, Graham, 
and Corrac were given. Dr, Davy, who visited this voleanie island on the Sth 
August, 1831, has given n dotatied account of it in the Phil. Trans. for 183%." MC 

was charged by the Acaemy of Sciences of Paris to visit and report upon it. 
Me ronched the islaud on the 29th September uf ie same year. It was then about 
2900 feot in circumference, with two elevations, from 100 to 200 fect high, on dif 
Sveti of the rater, the latter filled with boiling water. 
{ Captain Smyth proved (Phil. Trans. 1852) that the volcano did not rise from the 
Adventare Bank, as way first supposed, but to the westwarl of it, and from deop 
water, 
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collection of fmgments, cemented by ash and cinders, in which 
there would not only be pieces of igneous rocks, but of limestone, 
dolomite, and sandstone also, for we are not to suppose that the 
pieces found accidently on the surface were chose alone thrown out 
of the crater, 

‘Thus, then, in the Mediterranean very complicated series of 

contemporaneous accumulations is now in progress, its uneven 
bottom™ being variably covered, acconling to conditions, by the 
matter brought into it cither in solution or mechanical suspension 
by rivera; eroded from its shores by the action of the breakers, or 
qected by volcanos, the whole, execpting lava currents or large 
sudden accumulations of ashes and cinders, more or less mingled with 
the remains of orgunic life, these remains themaclyes sometimes 
sufficient to form long-continued layers or bede. 

Though, for convenience, the Mediterranean hae been treated as 
a tideless sea and without motion, this is not strictly correct, inns- 
much as small tides are felt in it, and currents are found, Indeed, 
ins sexpooia tho latter, when powerful winds, ly their fiction, fora 
the surfxce waters in some given direction for the time, well seen 
when driven against any part of the boundary coasts,t the move- 
ment is then sufficient to carry any substances, mechanically sus- 
pended, to distances proportionate to the power and continuance of 
the winds. When these waters aguin come toa state of repose, the 
return action will be similar. There are also currents in the Me- 
diterranean, such as that out of the Black Sea into it through the 
Sea of Marmora, and the current at the Straits of Gibraltar, which 
sets in fiom the Atlantic,t the latter modified, however, by the 


* In consitering the deposits now taking place in this sea, we should bear in mind 
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0, £2 Yh 1 1, 0, 7,2, 48 hy 7,7, 38 8 and 13 fathoms, wane 
may be seen, ‘There are soundings in 140 7, aad 96) albons a eiber 
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thin kind of action of wind on water ; for the canal lovels, 
Ju still wenther, being accurately known, it becomes easy to sco how much these 
waters ore mised or depresed as the winds may press them in one direction or an- 
otier. Me. Smeaton found that in a canal, four miles in length, the water wae kept 
up four inches highor at one end than at {ho other, by the action of the wind along 
the canal, The Carpe ee eg inion on te de 

> Bach thas purresta ore boon alitbatad tothe ovapocation of the the surface waters 
Of the Mediterrancan, that sea not roceiving sufficient equivalent from the discharge 
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tides as respects the African and European shores of the Straits.® 
‘The current from the Atlantic is described as setting eastward into 
the Mediterranean at the rate of about 11 miles in 24 hours, passing 
along the African shore, and being felt at Tripoli and the island of 
Galitta.t An eastern current ows between Egypt and Candia, 
and at Alexandria. Arrived at the coast of Syria it turns north= 
wards, and then advances between Cyprus and the coast of Kari- * 
mania, Such currents would necessarily sid in transporting 
matter both in solution and mechanical suspension, the last 
mentioned current especially acting on that brought down by the 
Nile. 

From the lower specific gravity of the water in the Black Sea,f 
the fine detritus, borne into it by the waters of the Don, Dnieper, 
Dniester, and Danube, would be carried less distances, comparatively, 
over its saline waters than those of the Nile, Po, and Rhone over 
the Mediterranean, while from the sune cause, supposing an equal 
foree of wind to uct upon both seas, any continued suspension of 
that matter which might be due to the agitation of waves, would 
be greater in the Black Sea than in the Mediterranean, the waters 
of the former offering less resistance to the wind from their inferior 
specific gravity. In the Baltic also, from its specific gravity, the 
deposit of detritus borne down the rivers discharging themselves 
into it, would approximate towards that observable in fresh-water 
lakes. Like most lukes, also, the Black and Baltic seas have out- 


of rivers into It, or the fall of rain upon it, #0 that the Black Sea furnishes waters on 
‘the one side and the Atlantie on the other, in order to keep it at the height required. 
* “On the European side, wost of the islend of Torifo, it is high wator at 11h, bat 
the stream without continues to run 2", On the opposite shore of Africa, it is high 
water at 1, and the stream without continues to run until 1% ; after which periods it 
changes on either cide, and runs eastward with the general current, Near the shore 
are many changes counter curren, and whirlpools cansd by and varying with the 
winds, Near Malaga the stream runs along shore about eight hours each way. ‘The 
flood sets to the westward." Purdy, Atlantic Memoir. ‘The tide rises three foot at 





‘Malage. 

+ An under and counter current has been considered to sot westward, but of Inte 
this bas been doubted, However this may be, Admiral Beaufort has shown, white 
noting the current which flows westward from Syria to the Archipelago, that “ countor 
‘currents, or those which return benesth the surface of the water, are: also very ro~ 
markable. In some parts of the Arobipelago (hey arv sometimes so strong 8 to 
prevent the steering of the ship; and in one instance, on sinking the lead, when tho 
‘gen was calm and clear, with shreds of bunting of various colours attached at every, 
yard of the line, they poluted In different directions all round the eampass."—Zteaw 
oe soi of Dr. ‘eravities 

ing to the rosoarches of Ir, Mareot (Phil, Trans. 1819), the specific 
fee bts eeittened reas 
Mediterranean . , . 170298) Balto. 2 2... 1o1sa8 
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flowing currents,* so that the evaporation on their surface is not 
‘equal to the fresh water discharged into them.t : 
no counter and constant currents bringing in salt 
water the Mediterranean to the Black Sea, and from the Ger- 
man Ocean to the Baltic, and that the discharged waters from both 
seas carry off the average saline waters of each, these seas would 
gradually become less saline in proportion to the different amount 
of salts in solution carried out to the adjoining seas, and those 
brought in by the rivers discharged into them Upon this view, 
therefore, both the Baltic and Black Seas may at previous periods 
- have been more saline than at present. Considering, as geological 
evidence would Jead us to infer, that the area now covered by the 
Cuspian and that occupied by the Black Sea, were once beneath a 
common sea, changes subsequently effected have separated them as 
now found. In the Caspian we should have evaporation sufficient 
to overpower the influence of the fresh water poured in by the 
Volga, Ural, and the minor rivers, while in the Black Sea the supply 
of fresh water is beyond the evaporation. Hence the Caspian 
temains a salt lake, while the Black Sea may be gradually becoming 
more and more a fresh-water luke, the Cuspian not only retaining 
its original saline contents, but becoming more saline if either the 
salts brought down by the rivers are beyond any deposit whieh may 
of them, or the evaporation be greater than the eupply of 
water from the Volga, Ural or Ivik, and minor streams.§ Upon 
such an hypothesis, though at first the deposits in each would be 
under the same conditions, these would gradually change as regards 
effets arising from the increasing difference in the specific gravities 
‘of the respective waters. || 
* The velocity oF de current, In he aurrowert part of the Soul (Balle), te about 
ondinney 





‘the Throcian from three to five miles per ‘hou, aecording to the direation 
sand foree of the winds, 
+ Strong opposing winds force back the curreat out of the Baltle, and, if sufficiently 
continued, will raise the level of that sea. 
(Erol enkghoe echoes taken from the Fast Frieeland coast, ant from 
Rostock Inthe Balue, the following proportoal dfeences i saline contents were 
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TA peculiar bitter taste observable iu the Caspian waters 19 attributed to the 
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Although ice may form in the shallow bays of the Black Sea, 
“and the branch known as the Sea of Azof be often frozen over in 
the winter months, so that ice, floating away from the ooasts, may 
‘be the means of conveying fragments of rock and pebbles into 
situations to which they would not be otherwise transported, the 
ice in the Baltic, from the geographical position of that sea, is a 
means of adding to deposits in it of a more important kind, In 

ti - severe seasons, extensive sheets of ice over parts of 
this sea occur, and cases are recorded where great distances could 
be, and were traversed by travellers Large areas are commonly 
frozen for nearly three months in the year, the ice on the south 
commonly breaking up in April, while in the Gulfs of Bothnia and 
Finland it may continue until the middle of May. Though the 
Baltic may be, as regards the ordinary acceptation of the term, 
tideless, it is nevertheless liable to those local changes of level which 
are duc to the pressure of powerful winds blowing for a time from 
particular points, and it is described as often vexed by such winds, 
Ice, therefore, around the ehores of ite numerous isleta and uneven 
consta, may often be broken up, particularly towards the warmer 

“weather, with shingles from the shore, and fallen fragments from 
the cliff in and upon it, and be transported seaward, the shingles 
and pieces of rock being there deposited, and thus adding gravels 
and distributed angular fragments to and among the more common 
accumulations formed in this sea, the depth of which varies from 
shallows, backed by marshes, to two localities on the south-east 
where the line gives respectively 110 and 115 fathoms of water.® 

‘The Gulf of Mexico, its waters forced up by the pressure acti 
from the Atlantic through the Caribbean Sea, may, for geological 
purposes, be considered as a tideless sea, with, among others, a 
great river, the Mississippi, delivering matter in solution and 
mechanically suspended into it, The great movement of water 
coming round the Cape of Good Hope fiom the Indian Ocean, and 
ct asa constant current produced by the trade winds, 

assisted by the motion of the earth, sets from the Ethiopic Sea, 
united with an equatorial current of the Atlantic, across that ocean, 
against the West Indian islands. This pressure forces a constant 
stream of water into the Mexican Gulf, by the western side of the 
Presence of naplitha, which abounds in some localities on its shores. ‘The basin of 
the Caspian nppenrs of very unequal depth, this varying frorn the steep coaat extend- 


ing from the Balkan Bay to that of Mertroi Kultyuk—cff which line of 450 fathoms 
docs not reach the bottow in some places—to lony-coutinued, very shallow shores In 


others. 
* The general depth has heen estimated at 60 fathoms. 
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unbroken line of a coast, even, perhaps, protruding beyond it, inte 
shallow water. pee 
important aids in the accumulation of bars to such 





conditions; having little influence high up an arm of the sea, 
where the channel is narrow, but assisting 

materially in their formation when acting upon an exposed 

more especially if the mouths of the rivers be open to strong and 


the obstacles opposed to the tidal wave, and the form of the shores 
against which it moves, will be the change of’ sea level between 
high and low water. In the open ocean, where the tidal wave 
meets with, comparatively, little opposition, we find the differ 
ence of the sea level at high and low water far less than among 
funnelshsped channels, and other favourable combinations of 
coast. Thus, while among the eastern Polynesian islands in the 
Pacific Ocean the tides rise and fall about 2 or 3 fect," and in the 
Atlantic from 3 feet at St. Helena, and 4 to 6 fect at the Cape de 
Verde Islands, to 8 or 9 feet at Madeira, the equinoxial spring- 
tides in the Bay of Fundy rise from 60 to 70 feett 

An observer need not travel from the shores of the British 
Islands to study the dependence of the rise and fall of tide upon 
local conditions: many situations will afford him the requisite 
opportunities. wd Bristol Channel, since it may faces the tidal 





* According to Mr. Dans (( (Geology of the United States’ Exploring Expedition, 
1838-42, p. 26), the Uides rise only 2 or 3 fect through the castern part of Polynesln 5 
at Samon 4 fect; at the Feejeo Islands 6 foot ; and at New Zealand 8 fact. 

+ A glance at the map will show how favourably thix bay is situated for receiving. 
& body of flood tide driven up between Cape Cod (Massnctisette), and Cape able 
(Nove Seotia), and foreed onwanls into Chignecta and Mines Ray. ‘Though there tx 
Avery considerable bay between Gaspé Bay (Canada) and the North Point (Breton 
Bede oe le ctor tne neraaw: lechcoes ascatetcae Rove BoDtis foe Tue eae 
Orta ales nor the set af tide into it, cause a ris of water beyond about 

ee ak, etcsbieh ves Shee hac eres fi Ss i 
er side of this narrow Jathrous. 
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wave coming from the Atlantic, be taken asa example 
Uv sessile pitas by che satonaper arte 
of the sea. Though strictly not an unmodified ocean tide, since 
the wave has to pass over nearly 300 miles of soundings, within 
the edge of the 100 fathoms line, before it strikes the Land’s nd, 
the change from the rise of 18 or 20 feet at St. Ives, Cornwall, to 
that of 46 to 50 fect at King Road (Bristol) and Chepstow, is 
striking; more particularly as the tides of 30 feet at Lundy Island, 
and 36 feet at Minehead, show this rise to be gradual. From the 
increasing elevation of channel, and friction, beyond Chepstow and 
King Road, and the withdrawing of the tidal pressure from behind 
when the ebb begins seaward, the height of tide soon decreases up 
the Severn. The tidal waters, however, so suddenly check the 
discharge of the river waters, that the latier are as suddenly forced 
back, the flood-tide rushing forwards in a great wave commonly 
termed the ore, and causing an instant rise of several fect in the 
lower part of the river, gradually fining off to the termination of 
all tidal action in the Severn." 

The annexed plan (fig, 60) will illustrate the example here 

Fig. 60. 


Ata the tidal wave begins to be higher than in the open 
sea. At 6 its elevation is increased from the decrease of the depth 
and breadth of the channel ; and at o, from similar causes, the height 
of tide is still greater. We may assume, for illustration, that at d 
‘the tidal wave becomes most elevated, and that afterwards, towards 
¢, from the absence of propelling power behind, from the actual fall 


* ‘The ssmosucddon rush of the flood, overpaworing the ob in tidal rivers, is obsarvedt 


eae She mle of ho ve say nape ‘Keon 
‘Doerewave is stated to be observed at the mouth of the Maranon, or 
Amazons, during the equinoxes. ‘The chief wave is from twolve to fifteen fect high, 
three or four others, Its advance is very rapid, and its course is stated 

to be heard at the distance of two leagues. 











of water on the ebb towns, and ay ana from the 

SOs claeal the Gal ear Geos Leee Ee 

its effect entirely ceases, ‘The dore will depend upon local cxures 5 

but under the conditions noticed, the sudden check idee 

are not unfrequent, though the a hare eae 
to arrest attention. 

‘The English Channel affords us another good example of a con= 
siderable rise of tide produced by local obstacles, and the more 
instructive, a this riso does not extend across to the oppose coast, 
as ig the case in the Bristol Channel. On the French side, the 
land of the Cotentin, terminating with Cape La Hogue, and the 
islands of Alderney, Guernsey, and Jersey, with the multitude of 
isles, islets, and sock, ia the Bey of St. Malo, oppo carat 
stacle to the progress of the tidal wave coming from the Atlantic, 
while the English const presents no such obstacle. In consequence, 
the sea level at high water is raised higher on the one side than on 
the other; und while the tides only rise 13 feet at Lyme Regis, 7 
feet in Portland Road, 15 feet at Cowes, and 18 feet at Beachy 
Head, the difference of high and low water is 45 feet between 
Jersey and St. Malo, and 35 feet at Guernsey. 

Not only are there these differences in the rise of tide from local 
causes, but the relative direction of the flood and ebb, with their 
consequent currents, also vary materially in some situations, 
Thus, at the Land's End the flood-tide runs 9 hours to the north, 
and the ebb 3 hours to the south; and numerous other medifi- 
cations of the same kind, where the times of flood and ebb are 
different, are to be found on the coasts of the British Islands, 

As regards the distribution of detritus by tidal streams, the 
direction of the latter will not only be found to change consider- 
ably during the progress of theflood or ebb, as the case may be, off 
many parts of coasts, but the ebb very frequently commences on 
shore, while a flood-tide is continued in the offing.” 

As 40 much, not due to the friction of tidal streams on coasts has 
been attributed to it, instead of to the action of breakers—a de- 
structive action more particularly felt when strong on-shore winds 
and high tides are combined—it would be well for an observer to 
study the velocity and tansporting power of tidal waters on the 
"It has been held that “ the length of time between the changes of tide on shore 





“and the stream in the offing 4s in proportion to the strength of the current and the 


from Innd ; that is, the stronger the current, and the greater distance that 
ia from the land, the longer it will run after the change on the shore,”"— 
Atiantic Memoir, V829. 
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sea-shore, Those who dwell on, or visit, the coasts of the British 
Islands, where, fortunately, 30 many modifications in tidal streams 
may be more or less easily studied, will soon learn properly to 
estimate the value of tidal friction on land. 

With respect to the tides around the British Islands, those flow- 
ing amid the Orkney and Shetland Islands, and through the 
Pentland Frith, between the mainland of Scotland and the former, 
would appear to be among the strongest. They vary considerably 
in force, according as they are neap or spring tides, While in 
Stronaa Frith and North Ronaldsha Frith the former only run at 
the rate of 14 mile in the hour, the latter make a stream of 5 miles 
an hour, In the Pentland Frith, the spring-tides are stated to 
have a velocity of 9 nautical miles an hour, while at neap-tides 
they do not exceed 3 miles.” 

Round the more prominent headlands, the tides, as we might 
expect, run with greater velocity than in the bays on each side of 
which they project, or in the offing outside. The tidal wave 
striking the headlands, and rising locally from this opposition, 
eseapes round to the next bay, thus causing an accelerated stream 
of tide for a short distance. The friction of the water on the land 
is, hawever, commonly sufficient very materially to diminish the 
strength of the stream in immediate contact with it; so that, in 
calm weather, when the foree of the tide is neither impeded nor 
accelerated by the force of opposing or favouring winds, chafl’ 
or other light bodies thrown into the sea will be seen to pass in a 

ively slow course along shore, while a strong stream of 
tide is running outside, 

How little friction takes place in such situations may often be 
well seen by the presence of'a coating of barnacles, or of sea-weeds, 
even upon steep headlands, though exposed to the action of breakers, 
these being, off such deep-water headlands, commonly unaided in 
their action by sand or gravel in mechanical suspension. It is 
desirable that the observer should carefully watch the shores of any 
district he may be examining, with respect to tidal friction, during 
calm weather, and from neap to spring tides, Except in the most 
exposed situations, he may perceive how rarcly even grains of sand, 
mach less small loose shingle, can be moved by any stream of tide 
in contact with the const. 


* The fleod-tide there comes from the sorth-west, end is not of unnsunl strength 
‘until It moots with the obstacles of these islands and the mainland. The change of 
tide on shore than at » distance from it, varies according to situation, amount- 
ing In some places to two or three hours, 
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The retarding effect of friction on the headlands is often well 
exhibited near the strong streams of tide off them, known as racea, 
so dangerous, frequently, when opposed to powerful winds. Though 
the tides run in such situations with the greatest force of the local- 
ity, and the waters are thrown about in various directions, it often 
happens that, between the race and the headland, there is more 
quict water, sufficiently broad for the passage of'a boat in moderate 
weather. 

Tidal waters rush with great force through channels formed 
between the horns of great bays and islands at a short distance from 
them ; such is the case with the horns of Cardigan Bay and of St. 
Bride’s Bay on the south of it, as shown in the following plan 
(fig. 61), where a represents Cardigan Bay, and 6 St. Bride’s Bay. 


Fig. 61. 




































































Foul rocky ground extends from the Smalls Light, f, to Skomer 
Inland, ¢; between which and the mainland there isan exceedingly 
strong tide sweeping close to the cliffs. Supposing this to be a flood- 
tide, its force is diminished and almost lost in St. Bride’s Bay, 2. 
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‘This bay receives the flood-tide, not only through this channel, 
but also directly from the Atlantic; its flow over the foul 
between the Smalls Light and Grasholm, and thence to 4 
being marked by broken water. Part of the tide driven into St. 
Bride's Bay escapes with much foree between the mainland and 
Ramay Island, and round the latter and the rocks and islets known 
as the Bishop and his Clerks, d, into Cardigan Bay. The latter 
also receives an abundant supply of the tidal wave direct from the 
Atlantic; and the flood passes with great strength between its 
northern horn and Bardsey Island, e. 

Tn the chief channels noticed, no doubt little comparatively fine 
sedimentary matier could rest in the run of such tides, and any 
that might be thrown down by the eddies of one tide would probably 
be removed by the reverse action of the other; but these effects 
would be very local, That hard rocks readily resist such friction 
is well shown in the localities mentioned, barnacles and sea-weeds 
being commonly discovered on the sides of the channels at low water. 

Tt will be at once perceived that the flood-tide passing up rivera 
would act very differently, according as the channels were conti- 
nued deep outwards, or crossed by bars accumulated at their mouths. 
In the former case, the sea waters being specifically heavier 
than tho river waters, as it were, wedge up the latter, di 
oatwards, until the levels are so changed that the whole body of 
tidal water is driven inland, forcing and ponding back the fresh 
water.* In the more favourable situations of this kind, therefore, 
where great floods are running down a river, the heavier waters of 
the first of the flood-tide may be passing up the river while the 
lighter waters above are running outwards, In bar rivers the sea 
waters pour over the bars, and, if the channels be afterwards shallow, 
drive the river waters at once before them, while, if behind the bar 
there be water of much greater depth, as sometimes happens, the 
heavier sea waters first flow into the basin and raise the watersin it, 
so that when sufficiently elevated with the increasing tide, the 
whole pastes up the river with the flood-tide, forcing back the fresh 
water. Between the action of the tide in such rivers as the St. 
Lawrence,t with its open estuary or arm of the sea, and the Ganges 


* The eves were outradé dating frets from Beary rlod in is o- 
terior, while the flood-tide waters are flowing benoath in a contrary direction, may + 
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the Bengal Sea and the other in the Gulf of Guinea, every 
cation will be found in the tidal rivers of the world. 

TWhile checked by the food tide, the waters of estuaties willda= 
posit such of the matter, which they may hold in mechanical sus- 
pension a3 the time will permit, and according as the estuary waters: 
may or may not be agitated by the friction of the winds, Slight 
observation is sufficient to show that highly-discoloured water is 
commonly found in estuaries, and that this is borne upwards andl 
downwards by the tides, escaping seawards during the ebb in some 
estuaries in one direction, while the rivers add detrital matter to 
these bodies of water in others. In estuaries like the Severn, at 
the head of the Bristol Channel, the muddy water is carried back= 
wards and forwards with such rapidity that it is only in the sheltered 
nooks and situations that it can find rest sufficient to deposit fine 
sediment, including among them the shores where retardation by 
friction also produces a sufficient state of repose during the tides® 

Many minor ostuaries round the coasts of the Britizh Islands show 
the filling up, not only of the sheltered places on their sides, but 
also of their upper parts, where detrital matter ie gradually accumu 
lated. If the course of the river has not been long through « level 
country, the deposits at the heads of estuaries may even be gravelly, 
while mud only is accumulated in the sheltered localities. If the 











annexed plan (fig. 62) represent one of these estuaries, then it will 
Fig. 2. 


t 

usually be observed that the accumulation at the head ¢ is more 
gravelly or sandy, particularly in its lowest parts, than in the sheltered. 
situations, aand 4, At ewe have not only the heavier matter 





Siero ttn ote th eae ws shown by the 
bottom under the Intter, the friction of the waler baing too ‘permit 
jedlment to remain in such situation, ae 
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thrown down by the check of the tide there felt, but also all the 
detritus which can be pushed along the bottom by the river d, during 
the ebb of’ the tidal waters, and during the common discharge of 
the river water when the tide has fallen, a combined time in some 
localities equal to nine and ten hours in each twelve. Ata and 6 
the fine sediment is commonly accumulated to the level of the 
highest ordinary spring-tides 

In estuaries of this class we should anticipate that there would 
be much gain of land where the discharging rivers entered them, 
and, accordingly, in such situations we often find extensive marshes 
and flats, which would justify this expectation, even if historical 
evidence could not be adduced. Of such evidence, however, there 
is commonly no want, und the heads of many estuaries around the 
British Islands, and wlong the ocean cousts of Europe, ure known to 
have become more shallow and even to have moved further outwards, 
dry land supplying the place of marshes, and mud banks, within 
historical times® 

The mouths of the Ganges, extending across a distance of about 
two hundred miles (fig, 63), furnish us with the discharge of de- 

Pig 63. 





trital matter into s tidal sea of’ a different character. Here the 
abundance of the outflowing waters, particularly during floods, is 
sufficient to carry out a delta, more resembling those observed in 
tideless seas. In times long since passed, the Ganges may have 
discharged itself into an estuary, us fir northerly us the com- 


GTi changes produco idopendentty of vex banks rave to Keep ont the 
A 











matter di 
, both by friction on the bottom and in mechanical suspension, 
Sheds eso obired by the tases but the body of fresh water is so 


siderable. Innumeruble ‘ 
streams into which the delta is divided are produced inland.* 
‘The course of this river is described as affording good examples, om 
the great scale, of the alterations of channel, from the accumulation 
of banks upon small obstacles, to be equally well studied, as regards 
general principles, in hundreds of little streams, ‘Thus # tree ar= 
rested in its coures will produce an accumulation, gradually rising: 
into an island, to be again swept away by another change of 

The great body of fresh water discharged by the Ganges in floods 
seems, to a great extent, to overpower the influence of the tidal 
wave, 90 that detrital matter then becomes accumulated more in 
the manner of the Nile, Rhone, Volga, and other great rivers, dig 
charging themselves into tideless seast At the junction of the 
Ganges and Brahmaputra, below Luckipoor, there is a large gulf 
in which the water is searcely brackish, and during the rainy season 
the sea is stated to be overflowed by fresh water for many leagues 
outwards, 

Inthe Quorm we have an example of a similar kind, and a vast 














in some of the Bengal rivers, ‘I'he Cosm (equal to the Khine) once ran by Purneah 
find Jolued the Ganges opposite Rajonal. Tee junction ence uealy torte Osetia! 
forthor up. Gour, the sncient capital of Bengal, once stood on the Ganges’™— PML 









+ The amount of dotrital mattor borne outwards by the Ganges has been 
at nbout 2) per cent,, and the average discharge of water at 100000, cuvlo Reegee 
td ( Gleanings of Sesenee, vol. tii. Calcutta, 1831.) If we take the at 
i ay epee price 
por day, cqual to a mass of ordinary granite, having 
140K aquare feet, Hsing Yo the height of 861 foot, = a 
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obtained, they establish themselves in abundance; their stilt-like 
roots entangling any floating substances washed near them ; 

ing a repose fit for the deposit of the finest sediment, and affording 
shelter to an abundance of reptiles, fish, crustaceans, and molluses, 
which seck and enjoy the protection they afford. 

When we regard the sea-shores of the world exposed to tides, 
we see a great destructive power in the breakers, as a whole in 
throwing a muss of matter into the tides sweeping round such 
shores, which mass, added to that thrust out of the rivers, has to be 
distributed by the streams of tide and such ocean currents as can 
receive any portion of it. Great rivers, as we have seen, may 
: matter in mechanical suspension far outwards, particularly 

when swollen by floods, and thus place it within the distributing 
influence of the ocean currenta, Through these it may take a long 
time to descend into those quiet depths where it can find a reat, one 
that may continue undisturbed until, perhaps, after a long lapse of 
geological time, the resulting deposit may be upraised, and placed 
within the destructive influences of the atmosphero and surface 
waters, 

When detrital matter is thrown into the tides, it is borne to and 
fro by them, according to their flow and ebb, and the observer will 
haye abundant opportunities of seeing on the coasts of the British 
Islands, and on the ocean shores of Europe, that the river waters 


derived, is carried coastwise by the ebb, and accumulations are 
formed of it, if there be sufficient continued repose in that direc- 
tion, So that should a sheltering headland run out, and a bay 
be formed between it and the embouchure of the river, there is a 
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We may take the cust of Swansea ae affording an easily-observed 


instance of the separation so affected. oa oe 
Et rte we ma 0 eat oo by Nl 
Fig. 4. 





when in flood, bring down much sedimentary matter, the finer 
parts of which are carried by the ebb tide (¢, ¢, ¢) towurds the bay 
formed between Swansea (c) and the Mumbles (d). Here 
the necessary repose, the prevalent winds (w) blowing from the 
west and south-west, a part is deposited and mud is accumulated, 
the remainder of the detrital-bearing waters, escaping round the 
Mumble Rocks (e) into the general ebb tide passing westwards 
down the Bristol Channel, While this happens with the finer 
sediment, the arenaceous part of the detritus thrust out of the river 
is more quickly thrown down, and a large part of it becomes acted 
upon by the breakers, mised by the prevalent winds, and is forced 
partly into mechanical suspension during heavy gales, and thenborne 
in the flood-tides, and partly brushed onwards by the waves, breaking: 
upon much flat ground exposed at low water, towards the coust to 
the eastward (f, f). Here the conditions for the accumulation of 
sand-hills obtain, and the overplus of arenaceous sediment, borne 
outwards by the Towey and Nedd, and not retained by the sea, is 
blown by the winds upon the dry land. In this locality, therefore, 
the river-borne detritus, thrown into the tides, becomes in a great 
measure separated, mud being chiefly accumulated in one direction, 
sand in another, a surplus of the latter being restored to the land. 
Though there isa tendency to accumulate the finer river-borne 
detritus in the direction of the ebb tides, this is often met by con- 
ditions # unfavourable to such a deposit that the finer matter does 
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not there come to rest, but is gmdually transported outwards to sea, 
and may thus be brought by tidal streams even within the influence 
of ocean currents. On a shallow coast the breakers alone, when 


water of the needful depth and tranquillity. 

‘The abrasion of coasts by breakers being the same, whether the 
tide be setting in one direction or another, as flood or ebb, the finer 
matter is carried in mechanical suspension equally by the stream of 
Siaheuyaificuny tachi; ran Gn cteatanekaetootoeea 
are favourable, even entering estuaries by the flood-tide, when such 
estuaries occur in the line of its course, the indraught, on the flood, 
carrying it in with the tide. As we haveseen (p. 54), the heavier 
parts, such as shingles and small pebbles, are distributed along shore, 
and the arenaceous portions, sometimes on the coast, sometimes 
more seaward, according to circumstances, 

‘The agitation of the sea is felt at different depths in proportion 
to the magnitude of the waves raised by the friction of the wind, 
During heavy gales of wind, the depth at which this agitation has 
been observed, sufficient, as it were, to shake up fine sediment 
enough to discolour the water, is about 90 feet.* The disturbing 
effects of waves in minor depths is often well shown on shallow 
sandy coasts by the throwing on shore of many molluses in a living 
state, known to inhabit the sands at moderate deptha. By the agi- 
tation of the eca their sandy covering is removed, and they are 
swept onwards beyond their powers to retain their position at the 
bottom, and thus become finally thrown out upon the coast. ‘ 

Besides the waves seen to arise on the spot from the action of the 
winds, the great indulations which are known as swells and rollers 
(Go commen on ocean shores, and due to the friction of winds out 
at sea which do not reach the land) disturb the sea bottom to a 
considerable extent, so that, both heavy seas and awells combined, 
the finer sediment becomes removed from all but favourable 
situations outwards, and is distributed off the coasts, outside the 
accumulations fringing them, and due to the action of the lireakers, 

'The flow and ebb of the tides produce « motion tending to. smooth 
out and flatten the accumulation of detrital matter deposited on the 
sea bottom within their influence. ‘The smoothing action no doubt 





© The depth at which the distarbing action of a sea-wave can be felt has been esti~ 
mated ovon eo high as 500 feet on the Banks of Newfoundland, Amy, AMfourement 
ales Oniles, V831, ys. Vy 
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varies with the strength of the tides, as these may be spr 
hoape, 00 tat tiatler can be brought to rea during: the data 
which beeomes removed by the superior velocity and © of 
water of the former; but, as a whole, there arises an. ¢ 
producing a sea bottom of a marked charcter. ‘The friction « 
tidal wave on the bottom forms ridges and furrows of the same 
kind with those previously noticed os produced by the winds on 
loose sand (p. 59). Where clear waters prevail, and the ridges and 
furrows are formed by this kind of friction alone, the resemblance 
is very striking, allowance being made for the relative weight of 
the particles of sund in the air and in the water, Where waves act 
‘on the bottom, it would be expected that such ridges and furrows: 
would be modified by the to-and-fro action set up, although the 
on-shore might be greater than that of the counter movement, in 

as the wave takes the onward force of @ breaker, the 
higher part acquiring gradually a greater forward motion as the 
water becomes shallower, and the friction an the bottom becomes 
increased. 

Almoet every extensive sandy flat left by the tido, and of such 
the coasts of the British Islands afford abundant examples, shows 
the effects of fristion on the sand. An observer should wall study 
the various modifications to be seen in such situations, for 
aronaceous accumulations of all geological ages, the effects of fric- 
tion on sand and silt, by water in motion, is often very evident. 
In many situations peculiar arrangements of the surface sand will 
be cbserved to have arisen from the draining off of the tidal water, 
which has quitted a large tract of sand suddenly. We have thus. 
friction on the bottom from the rise and fall of tidal waters on 
coasts, from the to-and-fro action of waves produced by winds 
(where the depths are favourable), and from streams of tide, 
variable in strength, usually acting in two directions, and often in 
more, from local causes. 

From friction of all kinds much sedimentary matter is so shoved 
and pushed along the bottom in various directions, that from this 
cause alone a great flattening of the surface would be effected. 
If to this we add the deposit of matter borne in mechanical sus- 
pension, and derived either from rivers or the action of breakers, 
we should expect a distribution of detritus which, if raised above 
level of the sea, would offer the appearance of a great plain, 
¢ accompanying map (fig. 65) will show the extent of ama 

the British Islands within a line of depth equal to 100 

| (600 fect), and which, if raised above the level of the sea, 
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would present to the eye little else than a vast plain. To form 
this great truct of smoothed ground, no doubt the levelling action 
of breakers, outing buck the coasts, must be duly regarded ; so 
that to this action, to that of the seas rolling in various directions, 
according to the winds stirring up the bottom in sufficiently shallow 
places, and to the distributing power of streams of tide, is mainly 


Fig. 65. 








due the present surface of this area," the extent of which may be 
estimated by the annexed figure (fig. 66), representing 1000 
square miles, on the same scale as the map (fig. 65). 





* Always bearing in mind that there in « bass beneath of tertiary and other rocks, 
over which the sands and mad gre at prosont strowod, and which may berv and thore 
be still uncovered. In many a situation, « minor ares, planed down by the action of 
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Fig. 66. 


oO 

Tt is worthy of remark, that if, instead of the line of 100 fathoms 
‘beneath the sea, that of 200 fathoms had been selected, the secind 
line would not have extended far beyond the first, the slope in- 
creasing far more mpidly outside the 100 fathom line than within it, 
=» that, after preserving a very gentle slope, as a whole, outwards 
for the great area represented above (fig. 65), the bottom of the sea 
descends much more suddenly beyond it towards the Atlantic. 

Slight attention on the coasts will show that the water 
past them in a stream from tidal action cael hcksenah ena 
wards a somewhat limited distance, so that any detritus held by it 
in mechanical suspension, and eventually thrown down from euch 
suspension, could only be deposited within a limited area, when no 
disturbing causes interfered. The water of a tidal stream, passing 
a coast at the average rate of three miles per hour, will only tmvel 
18 miles, regarding the subject generally, before it is ewept back 
again over the came ground for the like distance. The pressure of 
high winds, both on und off a coast, particularly if they be long 
continued, forces water against or away from the land, and so with 
any other direction a surplus of the ordinary body of water may 
take from the friction of the wind. Hence the mere backward 
and forward motion of the same body of water is somewhat modi- 
fied, as also by the great additions made to the usual volume of 
tidal water by the discharge of great floods from rivers, striving to 
force their way over coast streams of tide, 

Making, however, all reasonable allowance for these modifying 
influences, there remains enough of continued local action to pro- 
cure local accumulations of detritus, more diversified in character 
near the coasts than at a distance from them, on account of the in- 
acta of tides premio 

cee eeength of stream in shel , not 
estuaries, with without bars of different kinds. “ 

‘The observer has now to consider the distribution of fine matter 
in mechanical suspension by means of ocean currents. Some of 
the breakers. may yet be ert clean from deposits by Lorl anoes. We may probably 
regard the whole ares as the result of the outting Back of courts by brealoerm sudo 
epostin from the causes pointed out, continued through a long lapse of geological 
time, movements of tand, as regards its relative level with the sea, and on the large 

ae ene nebo x peso esis. 

erieniaes conse toes ore aiace depressions in this area, and among them the 

‘cavities in the North Seas, known as the Silver Pits. ‘The bottom around 


pits is described as rising gradually to it, when suddenly the interior sides 
from # fow to 49 or 0 forming steop interior escarpunents, 








these are known to be very constant in their courses, others periodi- 
Spe We have seen that the pressure of strong 

and long-continued winds forces up water by their friction on its 
surface in tideless seas, and consequently would expect that in the 
open ocean similar winds would force water before them, though 
the absence of land would produce a modification in the result, 
When the area s0 acted upon was bounded by a single range of 
coast, the modification would be less ; and when two lines of coast 
presented themselves, between which the water could be forced, 
and lateral full prevented, there would be an approximation to the 
effects observable at the north and south extremities of the i 
or on the east and west shores of the Black Seas, where the waters 
ore pressed forward by the needful winds. 

Independently of the pressure on the surface of the sea by winds 
either constant or nearly so, periodical or temporary, it has been 
suppoeed that the motion of the carth gives a certain movement to 
the waters of the ocean from cast to west, thus increasing the power 
of some currents, due to the surface action of winds, and interfering 
with the movement of others. To the motion of water from this 
cause, the continent of America, with South Georgia, South Orkney, 
South Shetland, and the icy regions extending to Victoria Land, 
would interpose between the Atlantic and the Pacific, and the con- 
tinent of Asia, with the Philippines, Borneo, Molnecas, New 
Guinea, and Australia, would oppose the westward movement. of the 
Pacific, not forgetting New Zealand, and the multitude of islands 
and islets of Polynesia in that ocean. 

‘The more open space for this supposed movement would be from 
the Indian and Southern Oceans into the Atlantic, the coast of 
Africa not offering it opposition beyond the latitude of 35° south. 
A constant current does run out of the Indian into the Atlantic 
Ocean, flowing up the west coast of Africa, to the equatorial regions, 
whence it strikes over to America, ponding up the water in the 
Gulf of Mexico. It has been inferred that this current is partly 
due to the motion of the earth, and partly to prevalent winds, 
those known as the Trade Winds especially driving the waters in 
‘the same direction. 

‘The current into the Atlantic sweeps round the southern ex- 
tremity of Africa by the Agulhas or Lagullas Bank, the soundings 
on which give mud to the westward of Cupe Agulhas, and sand, 
containing numerous small shells, to the eastward. It might hence 
be assumed that this current acted upon the bank ata depth of 
360 or 420 feet, sweeping off the finer sediment from the side 


re 
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exposed to its force, and parting with it in the more still water 
behind it. A mass of water is inferred to run up the west coast of 
Africa, from the Cape of Good Hope (between the const and the 
waters of the adjacent ocean), 60 miles wide, 1200 feet deep, and 
of the mean temperature of the ocean, at an average rate of one 
mile per hour.* There are counter currents,t and the main cur- 
rent is considered to extend, as regards surface, to a comparatively 
moderate distance from the land. As a whole, this current reminds 
us ofa body of water in movement westward, acquiring additional 
velocity against the southern extremity of Africa, as any minor 
mass of water in movement would against a common projecting cape 
or headland. We may regard another great Atlantic current, the 
Gulf Stream, as consequent on this main current, after it has tra- 
versed the Atlantic to the West Indies. Escaping from the Gulfof 
Mexico, as previously noticed (p. 74), the Gulf Stream waters flow 
northerly, a part passing off to the eastward, after passing the 
Straits of Florida, probably to equalize the general levels in that di- 
reotion, As to the extent and velocity of the Gulf Stream, the 
contmdictory evidence is suflicient to show that both are occasionally: 
much modified. The winds, by their friction, necessarily affect the 
course of the stream, according to their duration, strength, and di- 
rection. In mid-channel, in the meridian of Havanna, the velocity 
is estimated at 24 miles per hour; off the most southern parts of 
Florida, and about one-third over from the Florida Reefs, at 4 miles 
an hour. The stream is considered to range, in the meridian of 
57° W. to 42° 45! N. in summer, and to 42° N. in winter. A 
reflow, or counter current, sets down by the Plorida Reefs or Keys 
to the S.W. and W.t 

Other currents are known in the Atlantic, such as that coming 
out of Baffin’s Bay, through Davis's Strait,§ considered to join 
the Gulf Stream, the united body of water crossing over to the 





* Sir James Koss. Voyago in the Southern and Antarctic Regions, vol. i. p. 35, 

+ Clone to the shore there Is an eastern current. ‘Tho survey of the coast of Aftiew, 
to the east of the Cape of Good Hope, was made by Captain Owon, with the assiataned: 
of this current, agninst the force of the trade wind. Captain Horsburgh mentions 
having been carried by the eastern current, on the south of the main western current, 
at the rate of 20 to 90 miles in the 24 hours, and, in two instannes, at the rate of GO 
miles in the same time. 

} Many small vessols are stated to make their possnge from the northwant by the 
aid of this counter current. 

§ This current, commonly known as the Greenland Current, sets southerly down 
the coustof America to Newfoundland, bringing down large icebergs beyond the Great 
Bank. The volocity was found, by Captaine Rows and Parry, to be 3 to 4 milow per 
‘hour in Davis's Strait, Off the const of Newfoundland, it sometimes flows at the rate 
of 2 miles an hour; but ix much modified by winds, 
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coasts of Europe and Africa, A southerly flow of water takes place 
from the coast of Portugal towards the Canary Islands, modified by 
the indraught of sea into the Mediterranean. Beyond these islands 
a §.W. current is noticed as probably due to the influence of the 
N. E. trade wind. 

Constant currents are also mentioned in the Pacific, Currents 
are described ns setting off the Galapagos to the N.N.W., and at 
Juan Fernandez, and 300 leagues to the westward of it to the 
W.S.W, (16 miles per day). Great quantities of wood are drifted 
from the continent of America to Easter Island by a stream of water 
passing in that direction, Between the Sandwich Islands and the 
‘Marquesas, currents have been found flowing westward at the rate 
of 30 miles per day. Among the Philippine Islands a current 
comes from the north-east, and rans with considerable force among 
the passages, dividing them from cach other, Various other currents 
in the Pacific have been noticed. There are two, however, de- 
serving of attention, inasmuch ay one, flowing northerly through 
Behring’s Straits, is thought to proceed eastward along the north 
coast of America, and the other, passes round Cape Horn to the 
eastward for the greater part of the year.t 

Tn the China and India Seas we find good examples of periodical 
currents, The water moves from the ocean into the Red Sea from 
October to May, and out of that sca from May to Octobor.$ In 
the Gulf of Manar, between Ceylon and Cape Cormorin, the current 
flows northward from May to October, setting the remaining six 
months to the S.W. and SSW. In the S.W. monsoon, the 
enrrent between the coast of Malabar and the Lakdivas sets to the 
§S.E with a velocity varying from 20 to 26 miles in the 24 hours. 
‘The currents in the China Seas, at a distance from shore, commonly 
flow, more or less, towards the N. E. from the middle of May to the 


* Kotaebue describes this current as sotting through Behring’s Straits with » vo- 
‘of S miles an hour, to the N.R, 

‘+ This current has been doubted ; but an there ix = provalence of strong westerly 
winds round Cape Horn, during the greater part of the year, the statement that there 
issuch a current may be considered probable. A bottle, thrown overboard by Sir 
Jom Row, near Cape Horn, wae afterwards found near Port Phillip, Australia, having 
passed castward about 900) miles ind} years. Allowlag 1000 miles for detourr, this 
Oo a rpipderncadeear egy lecprlegep pe pep i 
Le tS le ree it those intended surtnos, 69: 

took different depths. As annd was not stated to bé found im this bottle, it was ia- 
forred that it was a surface bottle; hence the winds alone had much influence on 


Ite courve. 
‘Accutrent commonly flows from the Persian Gulf towards the ocean, the 

Boe eee enna re et pel bon tad Gave nt tha Gut Soom Moon 

October, 











to temporary 

memble ; severe gales of wind, of long duration, readily 
surface water before them. Among channels and along: r 
are chiefly felt, the two boundary shores or the single const opposing, 
the further rise of water, and thong ie ol ea 
tidal waves. 

Wille caiderog the movement ofthe osan waters the Cleeve 
should not neglect any change in their position which may be due 


to their relative specific gravities. Experiments upon fresh water 
in lakes long rince showed that a body of tho heaviest water, that 
approaching towards a temperature of about 39°+ 5 or40°, remained 
at the bottom undisturbed, except by the influx of river waters, 
charged with detritus, which forced their way, spreading mud be- 
neath them (p. 43), ‘The researches af Sir James Ross in the South- 
ern Seas havo shown that in a similar manner water of a certain: 

tempemture, namely, of about 39°-5 Fahr., remains at the bettom, 
either colder or warmer water, as the case may be, floating above it, 
From many observations made, it was inferred that a beltof this 
water of a given temperature rose to the surface in southern 
latitudes, of which the mean is estimated at about 56° 26/, the 
whole body of ocean water in that circle being of this uniform tem= 
perature from the surface to the bottom, while on the north, towards 
the tropics and equator, water of a higher temperature floated above 
it, and on the south, that ofa lower temperature.¢ Thus, consider~ 
ing the like belt of uniform temperature to appear in such parts of 








® The strongest currents in these sens are experienced nlong the coast of Cambodia, 
during the end of November. ‘They run with a velocity of 50 to 70 miles to the 
southward, in the 24 hours, Dotwoon Ayarilin and Poolo Ceeir da Terra. Same 
parts of the stream sotting into the Straits of Malacca, cause the tide to run nine 
hours one way and three hours the other, 

+ Tn 1819 and 180, the author made experiments on the Lakes of Geneva, Neu- 
chatel, Thun, and Zug, with a view of investigating this subject. An account of these 
cxpinent tie hee tit 1 ud It 


had 9 temperature of 64° to 67° Fohr., Yom hse eho fab 
and that there was o genoral diminution of temperature downwards to 40 fathoms. 
From 40 to 90 fathoms, the temperature was always 442, with one exception, when It 
was 45° at 40 fathoms, From 90 fathoms to the greatest depths, which amounted to 
164 fathoms, between Evian and Ouchy, the temperature was invarinbly 43%, After 
the severe winter of 1819-20, the sine temperature continued beneath, 
on the Lakes of Neuchatel, Thun, and Zug, alike pointed to water of a 
approaching to the greatest density of water, between 39° and 40°, being at the! 

} Tho following were tho observations on which Sir James Koss founded bis view of 


Points out that in lat. 45°'S., the temperature of 39°*5 has de- 
scended to 600 fathoms, increasing in depth in the equatorial and 
tropical | regions to about 1200 fathoms, the temperature of the 


750 fathoms in lat. 70°, the surface being there at 30° Fahr. 

‘To estimate a movement which might be produced by the settle 
ment of any water of the density of 39°°5, striving to oceupy an 
equal depth beneath those of inferior weight, either of greater or 
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tnation to such a belt was to be found in the northern hemisphere, 
we should compare the distance from these belts with the depths at 
which given temperatures bave been observed. This done, we 
obtain for the slope on either side of the southern belt (assumii 

a for more ready illustration) of about 1 in 1723 to the 
1200 fathoms of 39°-5 beneath the equator, and of about 1 in 
1136 to the same temperature beneath 750 fathoms in 70° south 
latitude. So small an angle, with a chango of temperature so 
gnidual, could scarcely be expected to produce a lateral movement 
in the mass of ocean waters of geological importance.f 


th yoafor of ts crt, the water beng soeraind tn te elite nied to hare 
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expect. effects, by becat 

pp ott Ratt ‘36° at 400 fathoms, the temperature increasing from 
the surfoce, Another obtervation by the same author, in lat. 79° 4 N., gave 

Brrer 1 rtoees tus partuce Delay 37 “Again, in tnt, 79° 2 N. and long. 0° 10 W. 

‘he found 8° nt 761 fathoms, the surface being 32°. 

¢ With regant to ‘observations in the tropies, Colonel Bate found, tn lat. 90° 307 

etn O77 Brg 8 esters 4D" 100 Acoma wane 

being at ‘Captain Wouchopo obtained in lat. 10° N., and long, 25° W., 51° nt 







‘Theagency of ocean currents in the tmnsport of matter mechani 
cally suspended im their waters, and derived from the decompesition 
or abrasion of land, will necessarily depend upon local conditions, 
Here and there streams of tide may deliver such matter to them, 

be bome in the direction in which they may move, and great 

Stee ot shanKang soeklangy tal Soe 
Quorr, and the Amazons, may thrust out bodies of water, flowing 
beyond the return of the tidal streams off coasts, and carrying 
detritus to ocean currents, through which it would have 
tw descend. It might thus be transported long distances, particu 
larly if the depths it might have to descend, before stagnation of the 
lower waters would prevent any than a vertical fall of the matter, 
were considerable* The matter obtained from the land seems 
chiefly to be thrown down as a fringe of various shapes and com=- 
position, skirting the shores; sometimes, from local conditions, 
extending to far greater distances than at others, 

Although the great floor of the oecan may not be very materially 


Ries ot seni eestalakig Ws riltniry saad Ua iis ot 
does not well nocord with experiments iu the laboratory. According to Dr. 

those made by him show that the maximum density of sea water is not at 40° Fobr, 
In four experiments, Dr. Marcet cooled sea water down to betwoen 18° and 19°, and 
found that it decreased iu bulk till It reached 22°, after which It expanded » 
‘and continued to do so until the water was reduced to 19° and 18°, when St suddenly 
expanded and beoame ice at 28°. According to M. Erman, also, salt water of the 
Sess omy of 1.07 naif vee down fo 0% oo reskin 


congelation, 
Bites ebails ron suiss ts patet ether bo same zosdlfying influence soting upon 
Senne ens ees Oi cml Re 
‘oF to sources of error fn the laboratory experiments not auspected. 
Sept th ey rae eu he an oh retry wo aed 
‘be supposed to produce an error as to the mass of water of uniform temperature from 
the surface downwards. If pressure, however, upon the bulb caused a higher apparent 
, this should vary with such presture; but the results do not hear out 
this view, unless it be assumod tiat the gradual increase of pressure exactly counter- 
Valanced a decrease of temperature, It ia worthy of remark, that the temperature af 
29°5 is about that assigned, from experiments, to pure water, It may be bere ob: 
served that the water beneath 90 fathoms in the Lake of Geneva was found, both after 








8 warm sutnmer and a severe winter, to romain at 496, not 3995 or 40°, as experi- 
ments in the Inboratory would lead us to expect. From observations on the tempera 
ire of the western Mediterranean waters, at various depths, it is inferred that all 
beneath 200 fathoms remains at # constant temperature of about 68°. (D'Urville, Bal, 
dle 1a Soe. de Geographic, t. xvil. p. 82.) 

If we take 399 for the temperature of the greatest density of sea water, we shall 
hye to consider that the salte in solution produce no influence uyon such density, the 
water alone having to be regarded. It would bo very devirable that experiments 
respecting the density of sea water at different temperatures should be repeated in 
the laboratory, and that observations should be made at different seasons vee the 
temperature of deep fresh-water lakes, in order to see if we aro in any way to 
the temperature obtained in the sea of 395, observed ty SirJames fom aa 6 reel 
{0 which some modifying lafluonce may be attributed. 

* Some very interesting observations respecting the surface density of the wea off 
the coest of British Guiana were mode by Dr. Davy (Jameaou's “Edinburgh 
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covered by depcsits from ocean currents, conveying detritus from 
the great continents, Australia, and the larger islands of the world, 
the oceanic islands may collectively furnish matter of importance, 
‘The observer will find that many of these islands rise from com- 
paratively considerable depths, so that detrital matter derived from 
them by the action of breakers (and they are very commonly 
exposed to a nearly-constant abrasion by the surf), moved by the 
tidal waves sweeping by the islands, and thence delivered into any 
‘ocean currents pussing near, may be carried by the latter to con- 
Sideruble distances. ‘These oceanic islands are found to be chiefly 
of two kinds, the one of igneous, the other of animal origin. With 
Tespect to the former, we have not only to consider the detritus 
they may now furnish by the action of breakers upon them, but 
also the transportable matter which may have been ejected from 
the igneous vents while they xese, by the accumulation of molten 
rock, cinders, and ashes. 

Instead of simply accumulating around the igneous vent, as would 
uigpem will cevisn siohiation fran the Giarinuiian of wink: 
borne ashes and small local movements of water in tideles seas, 
not only might there be a to-and-fro distribution of the volcanic 
matter carried various distances in mechanical suspension from the 
tidal wave acting aguinet the new obstacle to its movement, but the 


Journal,” vol. xliv, p. 43, 1 He found thet whore the Demerara river meets 
icreia soe eins Tova, the Senstig of the woe van 1008, tad nsbesvoeatly 


4. 11 miles off shore = 1-0210 
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{in suspension in the waters off Beitish Guiana, Dr, Dary states tat, 
for many wiles nosr the land, it ‘was sufficient to give a light-brown tint to the nes, 
Tike the ‘Thames at London-bridge. Tt was only at about the distance of 80 miles 
from shore that tho waters prosonted the blue colour of the ocean. 5 

a 







iption was effected through the sea 
Azores, and eventually, after the ejection of Se 
columns of black cinders being thrown to the height of 700. ar 
800 feet, an island was formed, ahout 300 feet high, and about one 
mile in circumference, 
Fortunately the formation of this island was observed 
recorded. It wus first discovered rising above the sea on the 
June, 1811, and on the 17th was observed by Captain Tiled, 
the “Sabrina” frigate, from the nearest cliff of 

St. Michiels, The volcanic bursts were described as 
a mixed discharge of cannon and musketry, and were 
by a great abundance of lightning. The following (fig. 67) was 
a sketch made at the time, and will well illustrate the manner in 
which ashes and lapilli may be thrown into any ocean current or 
tidal stream passing along, and be borne away by it. 

This island, to which the name of Captain Tillard’s frigate was 
assigned, subsequently disappeared, but whether simply by the 





“= 





action of the breakers alone, or from the subsidence of the main mass 
beneath, or from both causes, accounts do not enable us to judge.> 





* Tn 1783, the eruptions of several islands were observed as if rained from beneath, 
‘and, during some mouths, vast quantitios of pumice and light slags were washed on 
shore. “Tit the beginning of June, earthquakes shook the whole of Ieoland the flames 
in the ea disappeared, andl a dreadful eruption commenced from the Shaptar rebate 
which ts nearly 200 miles distant from the spot where the marine eruption 

‘(Sir George Mackensle’s Travels in Tcoland.) 

¢ This is not the only instance of a volcanic eruption forming « island 

above the sea-level among the Western Islands. I¢ is recorded in the Journals: 


‘more to be found, 
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Fig. 67, 





No doubt very many of the supposed banks in the ocean upon 
which the surf is stated to have been seen breaking, and never 
afterwards found, may be very imaginary, but it is still possible, 
that here and there statements of this kind may be founded upon 
more positive evidence; and that, making all allowance for in- 
correct views as to the latitude and longitude of the supposed 
banks, some due to the upraising of volcunic cinders and ashes 
have been observed, these finally so cut away that the sea no 
longer broke over them. However this may be, we can scarcely 
suppose that over the floor of the ocean all the eruptions from 
every volcanic vent upon it have reached above the surface of the 
water and remained there as islands, or that some, which have 
accumulated matter to depths not far bencath the surface waters, 
may not occasionally so vomit forth cinders and ashes, that there 
substances remain for a time above water until removed by the 
influence of breakers. 
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CHAPTER VIL. 


CHEMICAL DEPOSITS IN SEAS. —DEPOSITS IN THE CASPIAN AND INLAND 
‘SEAS,—CALCAREOUS DEPOSITS.—FORMATION OF OOLITIO ROCKS, SALTS 
IN SEA WATEE.—CHEMICAL DEPOSITS NOT NECESSARILY HORIZONTAL. 


Ws have previously adverted to the mixed deposits of calcareous and. 
sedimentary matter in tideless or nearly tideless seas, from which 
alternate layers of argillaceous limestones and clays, or lines of argil- 
laceous limestone nodules in tho latter might result, Accarding to 
the specific gravities of the waters of such seas, arising from the 
different amount of matter in solution in them, will, as we have 
soon, depend the distances over which river waters can flow out- 
wards, supposing such rivers, for illustration, to be equal dm 
volume and velocity, and as respects the amount of matter in 
solution or mechanically suspended. In thie respect, the Caspi 
the Black, and the Baltic Seas would all differ, the latter most 
approaching in the character of its waters to a fresh-water lake. 
Comparatively, these bodies of water would appear to afford greater 
tranquillity than tidal seas for the production of chemical deposits, 
always allowing for the depths to which their waters may be dis- 
turbed by surface causes, such as winds and changes in atmospheric 
temperature, 

Tn tideless seas, such as the Caspian, where the substances 
brought down in solution by the rivers accumulate in compara- 
tively still water, we should expect deposits which could not be 
effected with equal facility in the ocean, even in those parts which 
adjoin coasts. In the one case, evaporation keeps down the body 
of the water, probably even diminishing its volume during long 
lapse of time; while, in the other, these solutions enter the great 
mass of ocean waters, and become so lost in it, that certain of them 
may only, under very favourable conditions, be able to accumulate 
28 a coating or bed upon any previously-formed portion of the 
ocean floor, The way in which the tidal wave thrusts back river 
waters twice in each day (taking the subject in its generality), 
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mingling the common sea waters with those of rivers, up the 


waters flow over the sea. Instead of comparative quiet along- 
shore, except where disturbed by the action af surface waves, 
the whole body of water along tidal coasts is kept in motion, 
moving alternately one way or the reverse, and not unfrequently 
in various directions, in consequence of the modification of the 
bottom, and the mode in which the tidal wave may strike variously- 
formed or combined masses of dry land. 

We have above called attention to the differences in tideless or 
nearly tideless seas, arising from differences between the evapo- 
tation of their surfaces, and their average supply of water from 
riversor rains, Not only should we thence expect the modification 
of sedimentary deposits previously mentioned, but modifications 
also in the chemical coatings. An isolated area, like the Caspian, 
if the evaporation of its waters be greater than its supply, may, 
during such decrease, present us with conditions favourable toa de- 
posit of some of its salts, while the main mass of the waters may yet 
be well able to hold much saline matter in solution. Any shallow 
parts adjoining the shores becoming isolated, and therefore cut off 
from the river supplies afforded to the main body, may readily be 
deprived of all their water by evaporation, and a sheet of suline 
matter be the result. Indeed, in this manner, any substances in 
solution would become deposited, and how far they might remain 
exposed without being removed by atmospheric influences, would 
dopend upon the climate of the locality. That any such beds, the 
result of the evaporation supposed, may be covered by ordinary 
sedimentary deposits, due to geological changes of the locality, 
will be obvious. 

Around such bodies of water as the Caspian, the observer pos- 
sesses good opportunities for studying subjects of this kind, which 
are of considerable interest geologically, when we consider the 
mode of occurrence of gypsum and rock-salt in many situations, 
the not unfrequent connexion of these substances, and the kinds of 
sedimentary matter with which they are often associated. It may 
be also deserving of attention to consider in such parts of the 
world the probable annual evaporation of the surface of seas like 
the Caspian, and the annual supply of waters from rivers and rain.” 





* itis to Iand where such bodies of water 
Seuestsapateeten cteman iva tas tnt wears wom certain, from peokogiend 
‘evidence, that the present aren oceupied hy such waters is less than formerly, how fer 
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geological theory, Under the supposition of the conversion of the 
Red Sea into a Caspian, not only might there be a mnixtare; under 
favourable conditions, of chemical deposits and detrital sccumul= 
Jations, but coral banks and reefs would be also included in them, 
By « glance at a map of Asia, it will be seen that very large 
area, extending along 70 degrees of longitude from the Black Sea 
into China, with a varied breadth of 15 to 20 degrees of latitude, 
docs not drain directly or indirectly into the occan. There is 
reason to belicve that it is a mase of land which, from geological 
changes, has been cut off from such drainage, the Cuspian, the 
Sea of Aral, with numerous smuller bodies of water, now receiving: 
such drainage waters a8 evaporation from the surface of this great 
area will permit, when gathered together in different positions, 
‘the ellmatal conditions may so influence the evaporation and wupply of water that a kind 


‘of balance ix established. We may, for illustration, eappose that, in the first plneo, 
the elimatal conditions are such, after the separation of a mass of sea waters from con 











a the Volgs for example, entering the Caspian, bring much sediment Into the sea oF 
Inke, they tend to make it shallow, and also, by their doitas, to diminish the nrea, so 
that tho fe scccticeseon ts arson farce, depth, and consequent yolume of the water, 
alter. ‘This slone might dostroy any balanced conditions. 





permit deposits, the lat soluble ubrines beng the St town 
ear A deposit of « particular substance once effected, similar 
matter would be more readily withdrawn from the solution by the 
attraction of the first deposits of such substance. In a dry climate, 
such portion of the common detritus, as did not become consoli- 
dated, would be swept about by the winds, forming deserts, such 
as we find in the Beep css alge ee ee cae 
or Shamo, being the largest 


obtained, in consequence of geological changes, by the separation 
of shallow-water indentations fringing the ocean, particularly in 


other substances in solution, which, under fevourable circumstances, 
might be covered up, and, to a certain extent, be preserved by 





transport, by obtaining the waters: sufficient quantity into sclean bottle, 
immediately seating it up carefully and eee 
stances may permil, to some experienced chemist for 
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With respect to deposits from chemical solution, the calcareous 
may be considered as the most important geologically. We have 
previously adverted to their production in the air, and in freah= 
water lakes, The cases of consolidated beaches on some ccasts, like 
those noticed in Asia Minor, may be regarded as in a great measure 
due to the evaporation of the water containing the bicarbonate of 
lime in solution, as it percolates through these beaches, In the same 
manner, we seem to obtain their consolidation in some places by the 
oxides of iron and manganese, and by other substances. 
the actual formation of beds of limestone in the deeper sea by 
chemical deposit alone, though we feel assured that it 18 effected, 
the exact manner is scarcely yet well determined. The rivers 
flowing into both tideless and tidal seas alike transport calcareous 
matter in solution into them, thoagh very a ae 
Appreciable proportions in some, abundantly in others. So 
fis cacbouic well neodfal for the solution the carbon SAA 
remains, the latter will continue in the waters, but should it be 
withdrawn, either by evaporation of the sca waters in shallow 
places, or by separation im any other way, the carbonate of 
lime, if the lime be not taken up in any other combination, will be 
deposited. 

With regard to shallow situations in tidal seas, particularly in 
warm climates, and where pools of water are left for sufficient time 
at neap tides, we should expect an evaporution of the water, at least 
in part, and a loss of the carbonic acid, enabling any carbonate of 
lime present to be held in solution, so that there was a consequent 
deposit of calcareous matter, This may be well seen where waters 
highly charged with bicarbonate of lime flow slowly into some nook 
or bay, on tropical coasts, and even in localities where the rise and 
fall of tide is small, as, for instance, around Jamaica, It is in such 
situations, under favourable conditions, that the little grains termed 
odlites, formed of concentric coatings of calcarcous matter, may be 
sometimes observed to form. A slight to-and-fro motion, produced 
by gentle ripples of water, may occasionally be seon to keep the 
carbonate of lime depositing in movement and divided into minute 
portions, so that instead of a continuous coating of calcareous matter 
upon any solid substances beneath, a multitude of those little grains 
is produced, As might readily be anticipated, a small fragment of 
shell and even a minute crystal of carbonate of lime is sufficient to 
form a nucleus for the concentric coatings of these oolitic grains, 
An observer would do well, when an opportunity of this kind may 
present itself, to watch the mode in which the grins may be 


al 
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mechanically accumulated, like any other grains of matter, by the 

wash of the sea, or the drift caused by tidal streams, as he will 

thereby be the better enabled to judge of the differences or xesem- 

blances he may find between these accumulations and the beds 

Teer oie gmains in the calcareous deposits of various geolo- 
ages. 

While the mode in which calcareous matter may be deposited on 
the shores of seas may thus be advantageously studied, that in which 
it is effected in deep water must necessarily be matter of inference. 
By the means previously noticed, a large collective amount of 
carbonate of lime, held in solution by the needful addition of car- 
bonic acid, is discharged by rivers into the sea; more, no doubt, in 
some localities than in others, but still as a whole, somewhat widely- 
Although we might expect solutions of a great variety of substances 
in the sea, the drainage of the land supplying them constantly, our 
knowledge on this subject would be more advanced than it is at 
present, if waters were more collected in different parts of the 
world, and off a variety of coasts, than they have been. 

According to Professor Forchhammer, the greatest amount of 
saline matter in the Atlantic Ocean is found in the tropics fir from 
land, in such places the sea-water containing 3-66 parts of saline 
matter in 100, He states, that the quantity diminishes in approach~ 
jing the consts, on account of the rivers pouring their waters into 
the sea, and that it also diminishes on the most western part of the 
Gulf Stream, where the proportion is 3°59 per cent, Professor 
Forchhammer proceeds to observe, that by the evaporation of the 
Gulf Stream waters, the quantity of saline matter increases towards 
the cast, and reaches 3°65 per cent., in N, lat. 39° 39’ and W.long, 


cause may operate downwards in 



















With respect to the chemical character of p 
in the waters of the Atlantic, it would appear that | 
differ so much as might be At the same ti 
Forchhammer’s researches lead him to consider that 
bay iro par pemiramey gwen 
it for their solid coral structures; the proportion of lime to chlorine 
being there as 247 to 10,000, while the same substance is more 
common in the Kattegat, where part of the lime brought by nume= 
Tous rivers into the Baltic is carried to the ocean. In the 
the proportion of lime to chlorine is as 371 to 10,000, In the 
Atlantic Ocean 17 analyses gave 297 to 10,000; and between 
Faroe and Greenland 18 analyses afforded 300 to 10,000." _ 

Researches of this kind, limited as they are at present, are still 
sufficient to point out the modifying influences of proximity toland, 
of the heat of the tropics, of the melting of ice in the polar regions, 
and of oceanic currents flowing from one region, where certain 
conditions prevail, to another where these may be modified. ~ 
As geologists, we have to inquire if the salts in solution, and. 
derived by means of rivers from the land, are thrown down on the 
seafloor, cither within a moderate distance from the land, or further 
removed in deeper oceanic waters, If we take the calcareous 
matter, we find that it can be transported, by means of rivers 
flowing outwards, for various distances over the heayiersea waters, 
to be still further carried outwards and into greater depths of 
water, probably, if an ocean current seizcs on the river waters thus 
situated. No small aid would be afforded if, when fitting oppor- 
tunities presented themselves, waters from the streams which might 
thus be traversed were carefully examined with reference to their 
chemical character. In warm climates there might be much 
evaporation from the upper part of river waters thus slowly passing 
along the surfirce of the seas, productive of results, as regards matter 
in solution, of appreciable value. 

When we consult analyses of sea waters, to ascertain the condition 
in which lime may be present in them, we find enough to show 
that much is to be learnt by experiments made with the aid whieh 
the present methods of analysis can afford. We can readily under 
stand that while lime may be pouring into some parts of the ocean, 
as a bicarbonate kept in solution by the proper amount of carbonic 
acid, it might be converted into solid matter by animal life in 
another, in regions where balance of supply is not kept up, 80 

* Forchammer. Memoirs of the British Association for the Advancement of 
Safeneo, vol, xv. p. W- 
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that eventually very unequal quantities are distributed in solution. 
But it would be well to ascertain such facts carefully, and especially 
with reference to the combination in which the lime may be found 
in the different regions of the ocean.” 

With respect to the deposit of carbonate of lime from sea waters, 
Dr. Lyon Playfair suggests that, a river waters generally contain 
in solution a small quantity of silicate of potash, the carbonic acid, 
dissolved in sea water, enabling the carbonate of lime to be therein 
held in solution, would act on this silicate, decomposing it, and 
forming a carbonate of potash. The solvent being thus removed 
from the carbouate of lime, the latter would be precipitated, and a 
new portion would be formed from the double decomposition of the 
newly-formed carbonate of potash on the sulphate of lime and chlo- 
ride of calcium when present. He suggests that this process of de- 
composition may uccount for the silica so frequently found in lime- 
stones. It is, however, to the action of’ vegetation, where this can 
flourish, on sea waters, that Dr. Lyon Playfair attributes a more 
general deposit of any carbonate of lime from them. He remarks, 
that marme, like terrestrial plants, constantly require and take 
away carbonic acid from the waters around them, so that the quan- 
tity necessary to keep any carbonate of lime in solution, and which 
may find its way into the eca waters, being removed, the carbonate 
of lime is thrown down. 

ly of the soluble matter thrown into the sea by rivers 
returning to it frequently that which in anterior geological times 
‘was accumulated in it, we have to reflect that the voleanic action 
which we know has been set up upon the ocean-floor, sumetimes 
throwing up matter above the surfice of the sea, forming islands, 
must as a whole have caused no small amount of soluble matter to 
be vomited forth. Looking at the gases evolved and substances 
sublimed from sub-aérial volcanos, we should expect many combi- 


* We aro indebted to Schweitzer for a very careful analysis of the waters of 
the English Chanuel. No doubt it és only good for the lonali'y, one not favoumabl> 
fore knawiedlgo ofthe composition of oceunie waters, being too much shut in by land, 
from which river waters, differently charged with saline mattor, are discharged. His 


‘aualysis is ns follows — 
Wale me) ne 64° MST2 

Chlorideof Sotinm == — 27-0508 

s+ Potasium = = 0-763 

ts Magnesium — — 360038 
Bromide of Magnesium= = 0-299 
Sulphate of Magnesia - - 220578 
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as also, when these substances may be borne upwards by the heated 
waters, to have them distributed by any oceanic currents acting over 


producing chemical deposits, either directly, or indirectly, which, 
under ordinary conditions, would cither not be formed, or not so 
. 


GWiaiilisvau to, the accde sn .which -chemicel /dlapositalaanatea 
accumulated, it is very needful to consider that horizontality ix not 


we may have deposits on the large seale, giving rise to deceptive 
appearances. Let a, for example, in the annexed section (fig. 68) 
Fig. 68, 


be the surface of a fluid, such asthe sea, from which the beds, 6, 
have been deposited from chemical solution (limestones for instance) 





* It would bo vory desirable to ascertain pointe of this kkind, eo far as examining 
the sen waters around yoleanis regions may enable tho obscrver to do 80; 
especially when, by any fortunate chance, opportunities are aorled after sire 
marine volcanic action may be evident or supposed. 

+ Pipes conveying waters containing much bicarbonate of lime, or many other 
‘ubstauces in solution, are well known to be often coated all round. 
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upon the pre-existing surface, ¢d, of a stratified rock, cc, and it 
might, ifonly a portion of such a section was subsequently exposed, 
be concluded that there had been movements of the land tilting 
up these beds at e, when in reality there has been perfect repose 
as regards their relative position, since the time of their deposit. 
Even when, es a whole, somewhat horizontal accumulations of this 
kind might be expected, they are often found to have moulded 
themselves upon the era of ground upon which they were 
thrown down. 


CHAPTER VII. 
“PRESERVATION OF REMAINS OF EXISTING LITE amp 


‘Tits is a subject of much importance to the 
correctly upon the mode in which the fossilif 
accumulated, ithe sisiascl ee r 


Though when terrestrial plants die, the substances of 
fre composed are, as a mass, returned to the atmosphere 
whence they have been derived, the movements of animals wi 
may feed upon them being regarded as so far local, that 
the grounds where their food is presented to them, their 
restore to the soil what the plants had removed fr 
which the latter did not prior to death,—there are 
under which parts of existing vegetation may become 


preserved. 
to atmospheric influences after death, vegotation 
Seg ben malate gereaaboaregte tee: ate 
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the locality. The mpidity with which decomposition is effected 
in certain tropical regions is well worthy of attention. We not 
unfrequently find the outside of a large and prostrate tree retain- 
ing iis form, and while the wholo of the inde is hollow, filled 
with leaves that have fallen into it, and teems with animal 
life. This kind of decay is still more instructive when upright 
stems of plants, in tropical low grounds, liable to floods, retain 
their outside portions sufficiently long to have their inside hollows 
partially or wholly filled with leaves and mud or sand, the whole 
low ground silting up, so that sands, silt, and mud accumulate 
around these stems, entombing them in upright positions, without 
tops, though their roots retain their original extension. The 
study of the sedimentary accumulations of river deltas, amid the 
rank vegetation of some tropical countries, is very vuluable as 
respects certuin deposits in which the remains of vegetation form a 
conspicuous and important portion. Behind mangrove swamps 
much that has a geological bearing may be frequently seen; und 
indeed amid them, the observer not forgetting to direct his atten- 
tion to the mode in which animal as well as vegetable remains 
become mingled with, and finally covered over by, sedimentary 
matter, 

Not only in the tropics, but in other regions, lange tracts of 
marsh land, interspersed with shallow lakes, are highly favourable 
to the accumulation of vegetable substances. The leaves of trees, 

in such situations, falling upon the patches of water, take 
a horizontal position, spreading in a layer in certain climates and 
seasons over their surfaces. These leaves gradually soak up water, 
and sink to the bottom. If, from time to time, flood waters bring 
fine mineral matter in mechanical suspension into such situations, 
it settles, and thus the leaves become preserved in thin layers 
alternating with the clayey sediment. Should it so happen that 
waters, charged with calcareous matter in solution, find their way 
either gradually and constantly, or by sudden rushes in floods, we 
may have the leaves or other remains of plants preserved in a 
deposit of carbonate of lime, more or less pure, according to the 
presence of any other matter brought into the lakes in mechanical 
suspension or chemical solution. 

The manner in which bogs are formed should also be studied. 
Many no longer exhibit their progress over shallow lakes, while 
others will show it. In the latter case we find aquatic planta, like 
the large rushes and water lilies, accumulating mud about their 
roots, as also decaying vegetation, upon which foals the bog 
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plants advance, the chief of which, in our climate, is the quien 
palustre. As these decay beneath, a new g .wth continues ab 

up to levels where the requisite moisture can be obtained.* Trees 
are very frequently seen in these (some of which are very 
extensive), in a manner showing that the conditions favourable for 
the growth of various trees have from time to time obtained, so that 
distinct levels of them have been found cecasionally in the same 


The extent of bogs is very variable, as also the bottoms on which 
they repose. Sometimes the latter are formed of shell marls, aceu~ 
mulated at the bottoms of the shallow lakes, anterior to the advance 
of the aquatic vegetation over them. ‘The thickness of bogs neces- 
sarily varies: in some 10 to 30 or 40 feet is not uncommon, Of 
the pauses in the accumulation of bogs, suflicient to permita growth 
of trees upon them, as also a surfice upon which habitations may 
be constructed, perhaps as good an example az any is that of the 
ancient wooden house discovered in June, 1833, in Drumkelin 
Bog, on the north-east of Donegal. It was 16 fect below the sur= 
face of the bog before the upper part was taken off and 4 feet 
beneath the cuttings of the time, standing itself upon 15 feet more 
of bog, so that the total thickness at that place had been 31 feet. 
‘The house itself’ was a square of 12 fect sides, and 9 feet high, and 
was formed of two floors, the roof constructed with thick planks of 
oak, tho wood omployed for the whole dwelling, upon which no 
iron bad been used. Upon clearing away the bog from the lovel 
‘of the house, a paved pathway was discovered extending several 
yards from it to a hearthstone, covered with ashes, some bushels of 
half-burned charcoal, some nut-shells, and blocks of wood partly 
burned. Near the house there were stumps of oak trees, which 
grew at the time it was inhabited. A layer of sand had been 
spread over the ground before the erectionof the house. All seems 
to have marked a state of repose in the growth of this part of the 
bog; s0 that a change of conditions affecting the drainage would 
seem needful to account for the accumulation of 16 feet mure above 
the surface, after the time when this wooden house was constructed. 
It may have been that one of those burstings of parte of a bog, 











* Those travelling in North Wales will find, opposite Cwm-y-glo, below the 
Dridge crossing the outlet of Liyn-Padarn (the lower Llanberis lake), 8 good example 
of a lake Billing up, with the advance of water lilies and other aquatic plants upon m 
Still remaining portion, while bog plants and bog creep on behind them. At the 
season, the locality is brilliant with thousands of water lilies chus ad 
It in enay to see that thin wax once a thind Llanboris Inke, but, being shallow, was the 
first to be nearly filled up, 
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some of which are recorded, had overwhelmed this locality, soft 
a rans ceca beac wert gs meg 
favourable circumstances in some place adj 
eae ea Henlng "onoail pened 
as to area and thickness, The surface occupied by the bogs of 
Treland alone, has been estimated at 2,800,000 acres. From the 
humic acid in them, animal and vegetable substances are often 
found well preserved, and, in consequence, numerous relics of 
ancient times have been handed down to us, which, unless en+ 
tombed in bogs, would have remained unknown. Other things 
have evidently been lost in them, and have been brought to light 
by the progress of the turf-cutter. Many of the beautiful bronze 
swords, spear-heads, and other ornaments and weapons of its ancient 
inhabitants, have been thus preserved in Ireland. As might be 
expected, also, the remains of animals are found which have 
ee, 
accumulstions in a warm climate, the ** Dismal 
Bewavanae miles long, from north to south, and 
25 miles in its greatest breadth, from east to west—parily in the 
State of Virginia and partly in North Carclina, seems an excellent 
example. Sir Charles Lyell describes this swamp as “ one vast 
quagmire, goft und muddy, except where the surface is rendered 
partially firm by « covering of vegetables and their matted roots,” * 
From the nature of the mass, which appears to be chiefly formed 
of vegetable matter, spongy for the most part, loge and branches of 
trees intermingled in it, water is so disseminated that the central 
portions of the swamp are the highest, rising on all sides above the 
ing firm and dry land, except for about 12 or 15 miles on 
the western side, where rivers flow into it from more elevated 
ground. The greatest height of the central part above the sides is 
estimated at about 12 feet, and in such central portion there is a 
lake, 7 miles long and 5 miles wide. The greatest depth of this 
lake is 15 feet; the sides are composed of steep banks of the vege- 
table mass, and the bottom is chiefly formed of the same matter in 
a highly-comminuted state, with sometimes a white sand, about a 
foot thick. NE eee Mae! Dati kia fe 
its margin except that menti 
Ie is @ highly-interesting fact 98 connected with this swamp, one 
having many geological bearings, pointed out by Sir Charles Lyell, 
that the surface supports a growth even of trees. He mentions 





* Lyall’s Travels in North America, vol t., p. 1 
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te trees (Cupressus thyoides) us standing firmly in the 
supported by their long tap-roots. With other ever- 
peel commons aan bower be ryan 
ferns, reeds, and shrubs. The: greet codes ( Oran eed 
also flourishes under favourable conditions. Trunks of large and 
tall trees lie buried in the swamp. They are easily upset by ex= 
traordinary winds and covered in the mire, where, with the excep- 
tion of the sap-wood, they are preserved. Much of this timber is 
found a foot or two from the surface, and is sawn into planks half 
under water, Bears inhabit the swamp, climbing the trees in 
search of acorns from the oaks, and gum berries. There are wild 
cats also, and occasionally a wolf is scen; 20 that there must often 
be conditions for the loss of these animals in the mire, and for the 
Precervation of their bones. Indeed, in such a region ae thig 
occupying an area of several hundred square miles, the amount and. 
mixture of animal and vegetable matter, which may be collected im 
one great extended sheet, is not a little remarkable. 
Rivers, in some regions, carry forward not only the small plante 
with the leaves and branches of the larger, but multitudes also of 
trees are thus sometimes trinsported, part of them retained within 
the sedimentary deposits of the rivers themselves, part swept out 
seawards, Tt is not among the long-cultivated lands that the 
amount of plants, great. and small, carried downwards by rivers, is 
best observed, though during floods in them large trees are ocea- 
sionally borne down their courses. It is in regions where man 
has not by his labours modified the growth of vegetation, or the 
course of rivers; that the transport of plants by running waters can 
be well studied, We then haye conditions resembling those under 
which vegetable remains may in this way have been mingled with 
the sedimentary deposits of previous geological periods. On this 
account, the courses of rivers, such as those of the Mississippi and. 
its tributaries, are still highly instructive, though in various ways 
other rivers, pursuing their courses through lands not yet culti- 
vated in any part by man, may be still more so. The snags of the 
Mississippi, or great trees carried away from its banks, or those of 
its tributaries, and which are anchored, so to speak, by their roots 
upon the bottom of the stream, their heads bending with its strength, 
are well-known examples of the partial stoppage of trees on their 
course downwards. The same river, or rather one of its delta 
streams, named the Achafalaya, furnishes us with a good instance 
of a large accumulation of some of these drift trees within the last 
80 years. About that time since numbers of these drift trees got 
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entanglel in the channel, bet ache hae il eee 
it. Eventually they formed a mass, termed the Raft, distributed 
irregularly, say beg a Adling “wih Ch lear a 
twenty miles, closely matted together in some localities. In 1808 
the cubic contents of this collection of drifted trees was estimated 
at 286,784,000 cubic feet* If by any change of conditions the 
channel of the Achafilaya became little supplied with water, and 
the raft consequently fell in the channel and was covered over with 
fine sediment derived from muddy waters quietly working their 
aray Sato tho ld river couse, «long line of Egnite, corrmponding 
with twenty miles of the old channel of this river, might be the 
consequence. 

When we regard the great rivers of the world, we can scarcely 
avoid considering that a large amount of plants and trees, differing 
in kinds and structure according to climates, must be annually 
entombed, in a manner to prevent that decay they would have suf- 
fered if left, after death, solely to atmospheric influences, No doubt 
much of this vegetation is still decomposed after transport by the 
rivers to their deltas, yet much also must be entombed in deposits 
excluding ordinary atmospheric influences, und leaving the plants 
under conditions favourable for their gradual alteration into lignite, 
‘or to the more advanced state of coal, should geological changes so 
permit. In deltas, also, we have, in the pools and lakes formed by 
the advance of the sediments thrust forward by the rivers, circum- 
stances in many regions favourable to the growth of aquatic and 

swamp ion. In such situations, as they fill up by the 
occasional inflow of the muddy waters of the rivers in flood, and 
by the growth and partial decay of the vegetation, we have also 
conditions suited to the preservation of some of the plants, or their 
parts, often in the positions in which they grow, mingled with 
carbonaceous matter and beds of sediment, It may so happen, 
in rivers where sands as well as mud are forced forward, 
that by the occasional shifting of a stream, or the breaking away 
of a bank, previously barring the entrance of any portion of a 
main stream, sands may be thrust forward over accumulations of 
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the banks of the Minourl, 
‘the Mississippi, the banks of the latter alto contributing largely to the goneral mass, 
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ently devour the bunee of tha yerhevta hick a 

oth pipeline ert reese 
may have left unconsumed, so that few bones generally remain 
exposed on dry land to be decomposed by atmospheric influences. 
It is very probable that in deserts, the bones of animals which have 
perished in them may be often buried beneath great sund-drifts, 
there to remain, perhaps, if decomposing causes be slight in such 
situations, until geological changes may again bring such deserts 
beneath waters, and consolidation or removal of the sands be effected, 
as the case might be. We have seen the bones of nbbits and birds: 
exposed by « shift of some of our coast sand-hills, by which portions 
of old accumulations, marked by successive growths of vegetation, 
have been carried off by the winds, 

Vertebrate animals are, in some countries, overwhelmed by the 
fall of parts of mountain sides or cliffs, so as to becomo buried 
deeply in situations where their bones are under conditions favour- 
able for preservation. Occasionally, they are destroyed by the 
partial fall of sea cliffs on tidal coasts, while wandering beneath 
them when the tide may be out, their harder parts, perhaps, washed 
out to sea when the breakers may have subsequently remoyed the 
fallen mass, Such harder parts may thus become mingled with 
any sedimentary accumulations then forming, should they not be 
ground to pieces on the coast by the breakers, 

While studying the mode in which the remains of vertebrate 
animals may be preserved without the aid of streams, pools, or 
lakes of fresh water, it will be observed that the clefts of rocks, in 
countries where such occur, are places into which more animals 
fall than might at first sight be thought probable. In some of our 
limestone districts, where caverns are found open to the surface, 
many an animal is lost, notwithstanding the precautions usually 
taken, so that we are prepared to expect that, in uncultivated regions, 
animals chased by others, coming suddenly upon the brink of a 
fissure and unable to clear it at a bound, often get precipitated into 
it, How far their remains may be preserved will necessarily de- 
pend upon circumstances, While even inaccessible to scavenger 
quadrupeds, many of these fissures are open to. scavenger birds 
who descend and devour the flesh, leaving the bones. Scavenger 
insects can readily also consume the softer parts, The ultimate 





Dias paccien ons rae ig 
Caves, inhabited for a length of time by the same kinds of 


tombment of vertebrate remains in the largest quantities, though, 
no doubt, the labours of Buckland and others have taught us how 
much may be preserved in fissures and caverns. We have already 
noticed the loss of animals in bogs and swamps. In some regions, 
the collective amount of those which perish in this manner must be 
considerable. We have reason to believe that many mammals 
perish in lakes, sometimes sinking into soft ground on their borders, 
at others while endeavouring to cross them. In the former case 


ecomposition had sufficiently advanced, so that the dead body 
floated, it may be either drifted to a shallow or deep side of the 
lake, supposing, for illustration, that both existed. Tf to the latter, 
and decomposition had still further advanced, and probubly also 
the scavenger animals, both of the air and water, had consumed no 
small portion of it, the body might descend into deep water, with 
the bones still, as a whole, in their relative positions, so that if 
detrital or chemical Sepia, were Dts ehcp ay va 
be in the condition to be eo preserved. If drifted and stranded on 
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a shallow part of a lake, the body would be lisble to be attacked 
pe Eety by earings and qhatripels Se e 
ventured into the water of the deep parts of the lake for this pur- 
pose. In many instances, as those who may have seen the dead 
bodies of animals under such circumstances are aware, the bones 
would be eventually much scattered, part of them pulled upon the 
dry land and decomposed, if not eaten, while another part may, 
under favourable circumstances, again enter the lake, and be there 
enyeloped by deposits in the progress of formation. 

Whether land animals floated or not after being drowned in 
lakes must often depend upon the consumption of their flesh while 

The various regions of the world furnish us with 
different creatures inhabiting such pieces of water. In many warm 
climates, the bodies would soon be attacked by reptiles, capable of 
easily destroying their softer parts. In some countries, the crooo- 
dilian family would speedily proceed to devour them, and not the 
less greedily that some decomposition had taken place. By their 
aid some animals might get dismembered in such a way that the 
bones became finally much scattered, and the parts of the same 
animal be somewhat spread among lacustrine deposits. ‘I'he eroco= 
diliuns themeclvee add not a little to the remains of terrestrial vor- 
tebrata entombed in lake accumulations, by seizing animals on the 
shores and dragging them into the water.* 

With respect to the remains of aquatic reptiles and fish in lakes, 
the voracity of many of these creatures is commonly so great, and 
the system of mutual prey so incessantly kept up among them, that 
entire skeletons would have to be preserved under very favourable 
conditions. The deltas of the great rivers, especially those in 
tropical regions, will afford opportunities for the study of the 
manner in which the remains of aquatic reptiles may become em-= 
bedded in detrital matter. We have seen the caiman of Jamaica, 
when pursued, so bury himself in the mud of the lagoons, in which 
he delights to live, that occasionally there must be some difficulty 
of withdrawal from it. 

Floods in rivers, particularly those of large size, flowing amid 
great plains, where the sudden rise of water covers a large area in 
a short time, concealing the more shallow portions, would appear 

+ The eniman of the great West India Ialands in this way frequently obtains dogs, 
and sometimes goats, incautiously approaching » place where he may be lurking, 
perhaps half depressed in mud, with the tip of his snout at the surface of the water, 
‘The ealman is considered by the negroes so fond of dogs’ flesh, that when a bent man- 


grove tree, with m running noose, may be placed to catch one, a dogin a stout 
‘sockaile, in the Kine traced out for the caiman, is thought one of the best 
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grounds, drowned, and their dead bodies buried amid the detritus 
Borne down at the sume time, At such times, also, bones of mammals 
which remain strewed about in the more exposed situations, not 
consumed or decomposed, get mingled with the mud, silt, or sands, 
carried forwards, and finally deposited. To delta accumulations, 
whether in lakes or seas, such floods must, in certain climates, 
often bring down terrestrial mammals, mingling their remains with 
those of many reptiles. 

‘Though, from their powers of flight and consequent escape, we 
should not expect to find birds caught by floods so as to be carried 
away, drowned, and, under favourable circumstances, their harder 
parts entombed, yet, as we do occasionally, though rarely, find the 
body of a land bird borne down a stream in countries and at times 
of the year when we have no reason to suppose that it has been 
shot or otherwise destroyed by man, perhaps we may look to this 
cause as one, however occasional and rare, by which remains of 
birds may be preserved. It is in districts where great floods 
suddenly rise over very extensive flat lands, particularly at times 
when the young of many birds inhabiting and breeding upon them 
are unable to fly far or at all, that we anticipate the more frequent 
surprises of this kind. Land birds occasionally fall into lakes and 
perish. We have seen instances in which land birds chased by 
hawks have fallen into lakes, Accidents causing death also now 
and then happen to the waders frequenting the margins of lakes, 
ws alto to birds which live habitually on their waters, either sup- 
porting themselves by fishing in the shallow parts, like the swans, 
or by the aid also of diving, like the duck tribe. The preservation 
of their bones, once at the bottom, in lacustrine accumulations, would 
be the sume as with other animal remains. 

Under all circumstances, perhaps, to floods passing over extensive 
flats, raising to the surface of the water the bodies of birds which 
have perished by natural deaths, and which may be capable of 
floating, or sweeping forwards the bones of others, not yet con- 
sumed by scavenger animals, we may look for the chief causes of 
the transport by water and entombment of the remains of birds in 
the resulting deposits.* 

* Neither should we forget, when considering the manner in which birds’ bones 
ec 
ae ne See reins poo sede eveetie tis 


wtancos in Italy. 
ree doverts of the world, birds, such as ostriches, porishing, their remains 





During floods also conditions are very a 
Oe ch.sedertea Scoot. even. tear aehsgalet 
being caught up in the waters before they could escape. 


tudes of these insects are no doubt consumed by fish, yet the 
Temains of others may readily be so mingled up with the sediment 
of the flood waters where it can be deposited, us to remain per- 
manently encased by mud, silt, or sand. Seeing the avidity with 
which, in general, insects cast by myriads, as they sometimes are, 
on the surface of lakes or pools of water, are devoured by fish, 
when we discover their remains embedded in calcareous matter, as 
they have been, we should expect circumstances ill-mited to the 
habits of inscctivorous fish and aquatic reptiles. It may be thatin 
waters in certain pools or lakes charged with large quantities of 
carbonate of lime in solution by means of the needful carbanie acid, 
“Npeacermebeleetgencenrte 
and insect-eating aquatic reptiles, 

We find the‘temaiis of land molluscs mingled with sslaiel am 
localities in sufficient abundance to show how capable the shells of 
these animals are of preservation when circumstances will permit. 
Though light as regards the absolute weight of each shell, the 
specific gravity of land shells is considerable, more approaching that 
of aragonite than of common calcareous spar.* In soils, the shells 
are ill placed for resisting decomposition beyond a certain amount 
of time, the waters containing carbonic acid readily percolating to 
them, so that in such situations they are, if not lately embedded, 
usually brittle, and not unfrequently broken. Among blown 
sands land shells are often abundant, some land molluses especially 
delighting in such habitats, 

In voleanic countries, or those over which, from their 
to such countries, voleanic sashes may be scattered, and sometimes 
abundantly, land shells, and, indeed, various other land animals, 
may be completely covered over with coatings sufficient not only 
may be often covered over by great mind drifts, end remain 40 long beneath, even 


supposing some change of drift to expose them, as to be no lager ave available as food 
to the animals which would otherwise consume them. ppb. = permanently 


covered, until, as previously mentioned, by a change of geological conditions, these 
Aepert ny bo nga submerge, and elt sands be ether removed or conoldited 


re when, experimenting some years vince upon the specific gravity of shells, we 
found those of the following land molluses to be :— 
Woelix Pomatis, - . . . es 
Bolimus decollatas 
undatur. I 
Auriculabovinn. 2 2 2 2. # 
cltrina z 
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to kill them, but to aid in the preservation of their hani parts. 
‘The fall of lange quantities of ashes and cinders, discharged in some 
volcanic eruption, would appear to cause a greater sudden entomb- 
ment of terrestrial animals, with the probability of preserving their 
more solid parts entire, than can be obtained without the aid of 
water, even including the moving sinds of deserts. Volcanic 


ing: 

bawa and Java, for example, land animals, including an abundance 
of mollusc, may be readily buried beneath discharges of lapilli and 
ash, such us were vomited forth from the yoleano of Tomboro, in 
Sumbawa, in April, 1815.* 





supposing 
engagement with pirates near at hand, the East India Company's erulser * 


‘by ton it was eo dark that «ship could bandly be seen « mile distant; by cleven the 
‘whole of the heavens was obscured, except & small space towards the horizon to the 


‘much as possible, they pervated e of the ship.” 

Nik erdool keen morsing i utuand ue Gack oy ovat bal haga So'eha 
oven, and about eight o'clock objects could be faintly observed. om 
time 
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‘The great eruption of Vesuvius in 79 furnishes us with an ex= 
cellent example of the manner in which the surface of a 
may be covered up by the discharge of volcanic ashes and 
to that various works of art and use are preserved for our instruc- 


them, and often in a condition, after being thus buried beneath 
mineral matter, permeable to water, for 1800 years, which might 
not at first be expected. So little general injury seems to have 
been sustained by the rn oe ye ee 
near, or earthquake movements, that the crushing i in of 


require little else than the presence of persons clothed in the eos 
tume of the place when overwhelmed by cinders and ashes, to have 
that strect presented to us as it appeared 1800 years since. As 


iy 
but the form of the flesh itself which clothed them, two remarkable 
instances have occurred at Pompeii, where parts of the human form 
retained their external shape, the enveloping ash having been 
sufficiently consolidated, before the decomposition of the fleshy 
parts, The thickness of the ashes and lapilli which covered up 
Stabise, Pompeii, and Herculaneum in 79, has been estimated as 
from 60 to 112 feet in depth.* 

‘There are few things we can consider more suddenly destructive 
of terrestrial animal and vegetable life than these great voleanic 
eruptions, particularly within areas where several feet of lapilli and 
ashes can be accumulated over a considerable arca within a few 
days. The whole surfuce previously clothed with vegetation, 
above the size of walnuts. A great whirlwind s mentioned by the Rajah, “whioh 
blew down nearly every house in the village of Saugar, enrrying the tops and light 
parte along with It. In the part of Saugur adjoining Tomboro, its effects were much 
‘more violent, tearing up by the roots the largest trees, aud carrying them into the air, 
Soest with mes Hoods ote ent whatever noe cue within 16 aaenes aay 

thousands of lives wore lost, and the vegetation of the north and west sides af the 
peninals was completely destroyed, with the exception of « high point of land where 
op pestle Previously stood, and where a fow trees still remained.— Life 


"Spay, De “Deceription of Active and Extinct Volcanoes,” Snd edit,, 1848, 
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with a multitude of land molluses and insects, with many birds and 
mammals, may be all covered with a thick coating of these volcanic 
products; many of the molluses and insects close to the plants on 
which they may have been feeding. In regions where bogs pre- 
vail, large tracts of these vegetable accumulations may be buried, 
with any birds, insects, or molluscs frequenting them, by a thick 
layer of ashes and lapilli, the subsequent consolidation of which, by 
geological causes, might produce the deceptive appearance of a 
molten rock haying flowed over them without producing those 
effects which would, under the latter supposition, have been 
anticipated. Indeed, when we have to study the fossil vegetation 
of some mgions, a reference to the conditions under which trees 
and even bogs may be covered by volcanic ashes is one by no means 
to be neglected.* 

Tn tideless seas, terrestrial animal and vegetable substances, borne 
down floating on the rivers, necessarily pass out over the dense 
waters of the sea to various distances, according to circumstances, 
and may be transported atill further than the force of the river 
waters have carried them by favouring currents, should there be 
such, or by winds, the latter capable of driving them about in 
various directions, should they change. The body of a drowned 
animal, the decomposition of which is eufficiently advanced to give 
it the specific gravity capable of floating (and it should be 
recollected that it would float easier in sea than in fresh water, as 
regards its own specific gravity), may be thus drifted a considerable 
distance until eaten, or too much decomposed to float. Small 
animals may be readily consumed, bones as well as flesh, by the 
larger voracious fish; but the bones of the larger mammals might, 
under favouring circumstances, find their way to the bottom, even 
in deep tideless seas, like parts of the Mediterranean, to be there 
mingled with the remains of molluscs or other creatures inhabiting 
the same depths. 

‘The observer has, in like manner, to consider the various land 
plants and trees which can be carried long distances, sometimes with 
live creatures still upon them, parts of the latter subsequently, at 
least those which may escape the vomcity of marine animals, 
© To stated thst in crasernence of the grenk eruption of Skaptar cal fs 178, the 

over 





tne tropical region, Tt was during thix eruption that ashes were conveyed to 
ne en ree oa 





scattered over various depths of the sea bottom. It will require 
little attention to see how often the dead shells of land molluscs get 
thrust out seawards, their modes of floatation at firet 
to keep them above water. ‘The positions necessary for this pur- 
pose will depend upon the state of the sea surface at the time. Tf, 
the state of weather which may have caused floods 
in the interior of adjoining lands, lifting off the dead shells from the 
low grounds in multitudes, the sea be moderately calm, the land 
shells will be carried on with the river waters, but if there be a 
breaking sea they soon get upset and sink. 

Tn such situations we have also to regard the mingling of 
detrital with organic matter, which may be effected by the push- 
ing forward of the sands and gravel on the bottom of the rivers, 
Many a drowned animal may thus become mixed up with a delta 
advance, and many a river and land mollusc be included amid a 
general subaqucous drift, Trees often get entangled and buried on 
the coast, a8 well as floated off eeaward. 

‘Thus in tideless seas we have the ready means of transporting 
terrestrial and fluviatile vegetable and animal remains to various 
distances seaward, some under favourable circumstances, capable of 
being embedded in marine deposits at various depths, while others 
are included amid the detrital accumulations formed by the action 
of the rivers, thrusting out silt, sand, and gravel from the shores, 
not forgetting any calcareous deposits which may sometimes be added. 

Tn estuaries we obtain a state of things somewhat different. In 
them a check is afforded at each flood tide, to all borne 
out by rivers, so that when great freshets prevail in the rivers, all 
caught up by the floods in the interior and floated off low grounds, 
or borne to the main streams by tributaries, are arrested in their 
progress. The floating bodies of animals, trees, and smaller 
are thus not permitted to escape directly seaward, but are lifted by 
the height of the tide over any low grounds bordering the estuary, 
these flats, at such times, being more than commonly covered with 
water. When the ebb tide lowers the waters, the various substances 
floated over the estuary lowlands not unfrequently remain upon 
them, more particularly if any wind prevailing at the time forces 
them on the edges of the flooded lands, There is often a curions 
mixture of terrestrial, fluviatile, estuary, and more marine animal 
and vegetable remains, scattered over the estuary flats after such 
floods, more particularly should it happen, as it sometimes does on 
the western parts of the British Islands, that a heavy gale, accom- 
panied by much rain, occurs at a time of spring tides, so that the 
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high tides combined with an on-shore wind, rising the sea waters 
rele teeta aa Under ordi- 
nary conditions, fringes of estuary fuci, mingled with land plants, 
estuary crustaceans and molluscs and land shells, with here and 
there the remains of some creature, more strictly marine, are fami- 
Har to all visiting estuaries. 

Although amid the deltas of rivers delivering their waters into 
tideless sear, among the lagoons formed and the coasts adjoining, 
there may be variable mixtures of fresh und sea waters, affording 
proper places for the growth and increase of vegetables and animals 
fitted for living in brackish water, the conditions are different 
from those of an estuary. In the one case the waters are 
xcept 0 far-ns’ floods from the interior muy force forward. an 
extra amount of fresh water, or a prevailing on-shore wind may 
drive in w greater volume of sea water; while in the other, large 
tracts are sometimes bare at one time and covered by water at 
another, the amount of the saline mixture being variable also, 
depending on the state of the tide and the volume of fresh water 
falling for the time into the estuary. And. here it is necemary to 
remark that the observer should not consider as an estuary ono of 
those great indentations of a coast, commonly termed an “arm of 
the eea,” and which is but the consequence of the sea level cutting 
LE paar gman Rakes aes varie pera 

the prolongation of some valley. No doubt the one kind of coast 
may sometimes shade into the other, but as regards the kind of 
life inhabiting estuaries, we should consider brackish water as 
essential to the latter ; at all events to such an extent that at low 
tide a river, the waters of which become fresh or brackish, should 
occupy the channel left. 

Under the conditions of an estuary silting up in the manner 
previously noticed, it must necessarily happen that the molluscs 
and other creatures inhabiting different surfices, or small deptha 
beneath them, died, such harder parts of them as might be pre- 
served remaining at levels corresponding with such surfaces, here 
and there mingled according to circumstances, with vegetable and 
animal remains, drifted as above mentioned. Tt will bo well to 
examine the manner in which the different parts of un estuary 
surface’ may vary at the same time as to the animal life existing 
upon it, from the crestures inhabiting the little rills of water 
which only get checked at spring tides, otherwise 
amid the higher estuary mud or clay-flats, to those in or upon the 
sands in the more exposed situations, covered by every tide, 





study of the mixed foot-prints of birds and mammals upon the 
mad or clay, more especially during the heats of summer, and at 










the heats of the summer sun, with deep cmcks formed 
loss of moisture, pieces of the most instructive kind 
care be taken away, further dried and preserved, and 
into a brick substance, if the composition of the clay be 
to the purpose, SMinylsd tia, doe macs wo Sete aa 
trails of molluscs, as also those of estuary crustaceans, striving to 
regain the water, after finding themselves left by the tide. 

Tt might at first be supposed that the rise of the tides over this, 
for the time, somewhat hard gurface, marked by the foot-prints 
and trails of different animals, would entirely obliterate all traces 
of them. How far this may be effected will, however, depend 
upon circumstances, If the rise of the tides from neaps to springs 
‘were accompanied by much ripple or waves from winds, it would 
be anticipated that the fine detritus constituting the mud or clay 
would, when remoistened, be readily caught up in mechanical 
suspension, so that all traces of foot-prints and trails would be 
removed, In all situations where such ripple or waves could be 
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felt this would be All parts of estuaries are, however, 
Pe eate at easee ceieces many a nook 
remains tranquil ; and in those where the accumulation of detritus is 
in progress, and films or fine layers of mud succeed each other, if one 
becomes hardened before another is deposited, a line of separation 
more or less permanent is usually established between them. We 
are sometimes able to separate these layers from each other, after 
careful drying, so that foot-prints are seen upon many surfaces, 
beneath each other. We have been fortunate in this respect 
with some portion of sun-dried mud of the Severn estuary, and 
Sir Charles Lyell has pointed out the manner in which the foot- 
prints of the sandpiper (Zringa minuta) are not only preserved in 
Maciel Sd cE ties Payot Frode (clsality an aeooatly oes 
tides, for the exposure of much ground at the nesps), but also 
repeated upon the different layers of accumulation, 

In some estuaries, long necks of sands and sandhills go, in part, 
eres their mouths, that bays of still or comparatively still water, 
occasionally of considerable area, occur behind them, the main 
streams of tide flowing elsewhere, Let us assume, for illustration, 
Ci apie pineal deed aetna sey 

of a shingle beach, d is a tract of sandhills, perhaps extend+ 
Sages mtardc ecgis dene eh Sa-certaea ore 
noticed, left in comparative quict, as regards the stream of tide, 
flowing chicfly on the opposite coast. Much would of course 
depend upon conditions as to the kind of deposits effected at ¢, but 
under the supposition that the eet of the tides was euch as not to 
cause a sweep of the stream round this bay, it would be favourable 
for the occasional deposit of the finer sediment or mud borne 
down the river, f, by floods. At the same time it would be 


hardened in the sun, well strewed over by the drift sand from the 
sandhills; and it should be observed, that the same winds which 
were powerful enough to disturb the Pedi the mae hl 


pres aap td sep tes eiiohonee Sk a ae 
filling up the hollows of the foot-prints, 

Should the general surface of the land be subsiding gradually, as 
regards the sea level, it will be obvious that great estuaries may 
present conditions highly favourable to the preservation of the foot- 

K 
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prints of animals, the actual remains of which, amid the detrital 
accumulations, may be most rare. Many aquatic birds frequenting 
estuaries at particular times, often when driven to seck their food 


preservation 

would be of the most rure kind, indeed not to be 

under the accident of some individual being killed when up 
estuary, With the most truly estuary binds, those which build and 
commonly live on estuary shores, the case might be different. 
Upon the supposition of a gradual change in the level of the sea, 
the land descending, we might have sands abundantly thrust 
forward over clay with foot-prints and trails, A lowering of & mass 
ofsandhills, partly barring the mouth of an estuary, would at onee 
place much arenaceous matter within the transporting influence of 
the tidal waters, to be drifted over mud flats, formed previously 
behind them. In some regions the mass of sand, eitheraccamulated 
as partial and sub-airial bars, or more gathered together by the 
sides of estuary mouths, to be again thrown into tides, however 
eventually other mndhills und tracts might arise (conditions con= 
tinuing favourable), would be consideruble, 

‘That the remains of cetaceans should be found amid estuary 
accumulations, as also those of numerous fish, some of them more 
known as purely marine than estuary, will not surprise those who 
may have scen the porpoises dashing up the estuaries of our coasts 
in chase of fish which they have driven before them, and their oc 
casional entanglement in shoal waters, when left by a quick-falling 
tide. Other cetaceans also get eometimes stranded. It is more 
common to find the chased fizh, especially the emaller fry, driven 
on shore. The birds, no doubt, then pick up the fish abundantly, 
80 that only a minor portion may leave their hard remains for 
entombment, and doubtless, also, the cetaceans often eseape in the 
pools where they may be caught upon the rise of the tide, but there 
are still many chances for the preservation of the harder parts of 
these animals amid estuary accumulations which should not be 
neglected. 





CHAPTER IX. 


ORGANIC REMAINS IN MARINE DEPOSITS,— MODIFICATION OF CONDITIONS ON 
COASTS OF AMERICA,—OF PACIFIC OCEAN.—OF THK INDIAN OCKAN.—OF 
COASTS OF AFRICA AND EUROPE.—OF ARCTIC 8RA,—DISTRIBUTION OF 
MARINE LAPR.—MOPIFICATIONS FROM TEMPERATURE AND PIUSSURR— 
PROM LIGHT AND SUPPLY OF AIR—RESEAKCHES OF PROF, K YORMES IN 
PAK OGEAN SHA,—ZONYS OF DEPTH.—Pnor. OVEN ON THE MOLLUSCS OF 
‘NORWAY.—ZONES OF DEPTH IN THE HNUTIBM 5EAS.—ORGANIC REMAINS 
DEPOSITED IN THE DEEP OCIAN.—ON COASTS. 


Tr is in connexion with the sea, looking at the evidence afforded 
us by the various fossiliferous rocks of different geological ages, 
that we should look for the preservation of the great mass of animal 
remains amid the detrital and chemical deposits of the time. We 
have seen that, by means of rivers and winds, various plants and 
animals, or their parts, may be borne into the sea, and that in es- 
tuaries we may have a mixture of terrestrial and marine remains, 
and of others suited especially to such situations, In respect to 
estuaries, some so gradually change into arms of the sea, to be seen 
on the large scale in the Gulf and River of St. Lawrence, and other 
situations, and equally well in numerous localities of far less area, 
in various parts of the world, as for instance, in the Bristol Channel 
and the Severn estuary, that no marked distinctions can be drawn 

between the one and the other, 
Viewing the coasts of the world generally, we not only have to 
regard all the modifications for the existence of marine animal life, 
arising from the more or less exposed or sheltered situations of 
Tele Bayey-and other Toeme of shore, ft lay thesia 
fresh waters with the sea under the various circumstances con- 
nected with the drainage of the land into the sea. Let us consider 
the modifications of condition for the existence and entombment of 
marine animal life from Cape Horn to Baflin’s Bay. First, there 
is the difference of climate, producing modifications of no slight 
order, more especially in moderate depths, rons Caps eae? 

K 








‘West India Islands, with the exception of the Straits of 

there is an unbroken oceanic coast, subject to the action: 

upon which bodies of fresh water are thrown drainage ol ; 
in different places, the chief of which are the Ri tele Plan, the 
Rio de San Francisco, the Tocantins, the Amazons, and the Orinoco 
rivers, delivering the portion of rains and melted snows not taken 
up by the animal and vegetable life, or required for the adjustment 
of springs or other interior conditions of a large part of South 
America, After a line of coast little broken by rivers, we find ex- 
tensive estuary conditions at the mouth of the Plata, and not far 
beyond Lake Mirim, about 100 miles long, a body of water 


still 

ml ta in Ts these eo hndieg ee ea 
receiving the drainage of the adjoining land, there are 
modifications of the ocean conditions for life, and for the entomb- 
ment of its remains outside in the main sea. A range of const 
succeeds, to which comparatively small rivers discharge themselves, 
until the San Francisco presents itself, and so on afterwards until 
the mouths of the Para and Amazons join in forming (including 
between them the Island of Marajo) great estuary conditions, the 
tides being felt up the latter river, it is stated, 600 miles, eo that 
there are several in the river at the same time. 

‘The mouths of the Orinoco present us with dalte-fimm. acou= 
ponded-back waters of the Gulf of Mexico, eo that a kind of tideless 
sea shades into one where the tides are more felt. More northerly 
the Gulf stream is seen, transporting warmer waters to colder 
regions, and skirted by a shore, marked by a line of lagoons for 
above 200 miles on the coast of Florida, one of them named the 
Indian river, about 110 miles in length, with an extreme breadth 
of 6 miles; another, the Mosquito lagoon, being about 60 miles long, 
with the like extreme breadth. Thence a much-indented shore, on 
the minor scale, continues until we come to Cape Fear (Carolina), 
where the lagoon conditions obtain, a kind of barrier, broken by 
passages termed inlets, permitting the ingress and egress of sea 
waters In Core, Pamlico, Albemarle, and Currituck Sounds, we 
find a great body of water of an irregular shape, measuring along 
the line of barrier separating them, except where broken by inlets 
from the ocean, about 160 miles in length. Rivers drain into this 
body of water in various directions, > that estuary conditions obtain 





ad 
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in different places, while the great barrier banks, a point of one of 
a vay apap pene pear eyelet aie arse bnr = 
conditions outside inthe main sea, More northward, we obtain the 
great indentation of Chesapeak Bay, with its minor breaks into the 
land, the chief of which is the Potomac; and then the Delaware 
Bay, with its river extending inland, the lagoon coast and its inlets 
continuing from Cape Charles (north entrance of Chesapeak Bay) 
towards the Delaware, and from near Cape Mary (Delaware Bay), 
about 85 miles to the northward. Next follows the mouth of the 
Hudson, and the modifications arising from the shelter of Long 
Island up the sound st its buck, the lagoon character still apparent on 
part of its ocean coast. After shores variously indented, we reach 
the Bay of Fundy with all the modifications due to the great. rise 
of tide (p. 78) at its northern extremities. This is succeeded by 
the great estuary conditions of the St. Lawrence, and finally the 
large indentions of Baftin's Bay and Strait and Hudson's Bay and 
Strait, and all the other channels of the cold regions of North 
America communicating with the Adantie Ocean. 

It is impossible, when directing our attention to this long line of 
ecast,s0 variously modified in character, and necessarily so different 
in climate, not to sce how very modified must also be the conditions 
for the existence of life and the preservation of any of its harder 
parts, One contemporancous coating of sedimentary or chemically 
deposited matter must include the remains of very different creatures, 
either living upon or in the surfice accumulations, as well as the 

and animal remains drifted into it from the land. The 
mollusce inhabiting the coasts of the cold regions would be expected 
to differ materially from those in the tropics, and the plants and ter- 
restrial animals and amphibious creatures of the latter would vary 
from those in the former. The organie remains buried in the deposits 
of the Gulf of Mexico, though entombed at the same time as those 
in Baffin’s Bay, could scarcely be expected to offer the same cha 
mucters. . 

Tf, instead of the eastern coast of America, we look to the western, 
the first marked difference which presents itself ig the absence of 
et remanp ie whole of Cn gep eerie en 
connecting it the wide-spread northern part. Numerous 
tered situations are to be found amid the islands and inlets extending 
from Cape Hor to, and including the island of, Chiloe ; after which, 
for about 6000 miles of coast, to the Gulf of California, the shores 
are little broken by indentations, except at Guayaquil and Panama, 
and do not present a single estuary of importance as on the eastern 
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side of the continent, ‘The mixture of fresh water with 


we have passed the Gulf of Culifornia, and the Colorado 

its waters at its head, there is, for about 2000 miles, from 
ag ea ep trbdianp leah ee ‘indented coast and a 
minor discharge of drainage waters, with the exception of those 
delivered by the Columbia or Oregon, Subsequently more north- 
ward, for about 800 miles, islands and inlets are common, 
modifications for the existence of marine life, as rogands shelter 
exposure to waves produced by winds, to Sitka Island and Cross 
Sound, After which comes the variously-indented coast extending 
to the Aleutian Islands, and so on to Behring Straits. 

Though we have the sume ringe through climates, the character 
of the two coasts of the American continent varics so materially 
that we can scarcely but expect very important modifications, as 
well in the life as in the physical conditions under which it jis 

We have not only to regurd the very great difference in 
the amount of fresh waters discharged on the east and on the west, 
with its consequences, but also the ponded waters of the Mexican 
Gulf and their continuation into the Carribbean Sea, with the result, 
the Gulf Stream, on the one side and not on the other, not 
the important difference presented by the great Mediterranean Sea, 
of Hudson's Bay and Baffin’s Bay on the east, and the kind off ecast 
found on the west. To this also should be added the great barrier 
offered by America to the passage of tropical marine animals from 
one ocean to the other.* 

Tt may be useful to glance at the great modification of conditions 
on the western side of the Pacific. Though « great portion of the 
drainage of Asia is disposed of in other directions, the surplus 
waters of a large area still find their way to the east coast. The 


* According to M. Alcide d'Orbigny, of 862 species of molluscs in the Atlantic snd 
Great Oceans, there is only one common to both, Siphonaria Lewonl. Of these 302 
npecies, omitting the Inst, 196 belong to the Atlante, sal 20 1 he 
He also remarks that, if the two sides of the American continent be compared, the 
proportion, in the Atlantic, of gasteropod to lamellibranchiate molluscs, is 85 to TH, 
while Ia the Pacific it is 129 to 76, OF 95 genera considered to bo proper to the 
shares of South America, 45 only are common to the two sens, ‘This Mf 
Bisibaine to tie rip slopes of the west side, the Corditiorns rising near the Se 
and rocks being more numerous than sandy shores, #0 that gasteropods would be 
‘expected to be inore common, while the Atlantic conets present mud, silt, and sand fu 
great abundance, with gently-sloping shoes Ser 8 large eee of their ila 
Recherches war les lois qui Président is la Distribution cles Motlusyues Céti 

Comptes Render, vol. xix, (Now, M44). dan, des Sciences ‘None, Thted Sarhenh 
foil, 193 (1845). 
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Saghalian river throws its waters, derived from a considerable area, 
behind the island of the same name, to be driven into the Okhotsk 
Sea on the north, or the Japan Sea on the south, as the case may 
be. Both these seas are, to a certain extent, separated from the 
main ogean by the range of islands, composed of the Kourile and 
Japanese islands, extending from Kamschatka to Corea, the Japan 
‘Sea especially, from the great mass of island land interposing between 
it and the Pacific, offering the character of a Mediterranean Sea. 

Proceeding southerly we arrive at the Yellow Sea, which receives 
the abundant drainage effected by the Hoang Ho and its tributaries, 
and more southerly still we find the body of fresh water discharged 
into the sea by the Yang-tse-kiang. ‘Thence, to the south, until 
the Si-kiang with its tributaries presents itself in the Canton estuary, 
comparatively minor rivers flow into the ocean, the coast being 
much indented, smaller rivers and streams often discharging in the 
upper parts of the indentations. 

‘The Island of Hainan, with the great promontory stretching to 
meet it from the main Chinese land, forms the Gulf of Tonquin, 
into which the San-koi and other rivers discharge their waters, 
‘The amount of fresh water poured into the sea on the eastern coast 
of Cochin China is subsequently of no great importance, and it is 
not until we arrive at the delta of the Maikiang or Camboja that 
the sea is much influenced by the influx of fresh waters, an in- 
fluence again, however, to be repeated at the head of the Gulf of 
Siam, by the outpouring of the Mcinam, « river remarkably parallel 
with the Maikiang for about 700 miles, the latter holding a 
Se eee 

* The remaining portion of the Asiatic continent, formed by 
oot ened: throws no important body of fresh waters 
into the sca in the form of a main river. 

From Kamschatka nearly to the equator we thus have a con- 
tinental barrier, for the most part not wanting in the outilow of 
bodies of fresh water, sufficient to produce marked influences on 
parts of the coasis, and consequently upon the conditions under 
which animal life may exist along it, and the remains of terrestrial 
and fluviatile plants and animals be drifted outwards into any 
sedimentary or chemical deposits now forming adjoining it. Minor 
parts of the ocean are also, to a certain extent, separated off by 
islands, the range of the Philippines and Borneo, in addition to 
those mentioned, tending to portion off the ocean down to the 

it to be, that the Latetion fe 
Coe oppours to be, 
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equator, so that, as a whole, a marked modification of physical 
cna eerie the at so wo ut of the Pa 


Sree mais nnuivisl ps lentes eee 
broken land on the west to compare with the continuous continent 
of America on the east. A barrier to the free pasmge of tropical 
animal life, supposing other conditions equal, is not presented on 
the west. Although much land rises above the surface of the sea, 
Et aml Nor une apg ince 
of Europe, and Borneo and New Guinea: 
surfaces, there are channels of water amid 
Sn et ee ee 
Though, with the exception of Australia, the various islands may 
not offer areas sufficient for the xecumulation and discharge of fresh 
‘waters equal in one locality to some of the great rivers of the world, 
collectively they embody conditions for the outflow of much fresh 
water around many of them, so that estuary and brackish water 
conditions obtain, and consequently physical circumstances fitted 
for the modification of life. So fur as the eastern coust of Australia 
is concerned, it presents about 2000 miles of shore not more broken 
or affording more fresh water than the opposite coast of South 
Armerica, The western part of the Pacific differs from the eastern 
portion in the multitude of points and small arcas through which 
the floor of the occan reaches the atmosphere, productive of a com- 
bination of influences affecting animal life and the accumulation of 
ite harder remains. 

While on this subject, it may be well to call attention to the 
matorial changos which would be effected if, by any of thos al- 
terutions of the level of sea and land which the study of geology 
teaches may be reckoned by differences very fur exceeding the 
depths required, channels of communication were established 
between the Atlantic and Pacific Oceans by a sufficient subsidence 
of the Isthmus of Panama, or the communication cut off between 
the Pacific and Indian oceans by an uprise of the land and sea bottom 
between Australia and the Malayan Peninsula, one stretching 
through Timor, Floris, Java, and Sumatra. If the multitude of 
oceanic islands in the Western Pacific did not too much break up 
currents, we may suppose a certain amount of ponding up of waters 
inside the Moluccas, Borneo, and the Philippine Islands somewhat 
resembling that now effected behind the West India Islands, with 
perhaps also a modification of the Gulf Stream, escaping along the 
coast of China, Startling us, at first sight, such changes may appear, 
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the geological student has to accustom himself to consider modi- 
fications in the distribution of land and water, and elevations and 
depressions of a far more extended kind when he comes to reason 
upon fects connected with the accumulation and distribution of 
mineral and organic matter constituting rocks, formed at various 
In the Indian Ocean we have shores confined to the tropical and 
temperate regions. For nearly 2000 miles the coast of Australia, 
from Cape Leeuwin to Cape Bougainville, presents us with no 
known great river pouring cut a volume of water sufficient to in- 
fluence an extended area, The same with the island range of 
Timor, Floris, Java, and Sumatra, and up the Malay Peninsula, to 
‘the head of the Gulf of Martaban, where the Trawaddy thrusts out 
its delta.and discharges a volume of fresh water, the drainage of a 
large urea. From thence to the mouths of the Ganges no important 
amount of fresh water is carried out into the sea, The great 
yolume thrown into the sea by this river has been already men- 
tioned (p. 85). Hence to Cape Comorin we find rivers of varied 
magnitude, the most important of which are, proceeding south- 
wards, the Mahanuddy, Godavery, Kistna, and Coleroon, draining, 
with minor streams, the greatarca of Southern India. As awhole, 
the Bengal Sea and Martaban Gulf receive a considerable quantity of 
freeh water, the discharge of which conveys a mass of detritus into the 
sea, and produces conditions in the waters and the sea bottom, which, 
beyond Cape Comorin, are not found for about 1000 miles, until 
we reach the Gulf of Cambay, into which the Nerbudda and other 
rivers discharge themselves. We find another volume of fresh 
water thrown into the sea by the Indus, still more northerly, ‘after 
which we obtain the moderate outtlow of fresh water of the coast 
of Beloochistan, the great indentation of the Gulf of Oman, and its 
continuation the Persian Gulf, the nearly-dry coast of Ambia, to 
the Arabian Gulf and its long-continued indentation, the Red Sea, 
From Cape Guardafui to the Cape of Good Hope, for about 4400 
miles, the sea scems little influenced by any considerable discharge 
of fresh water on the coast, excepting in such places as at the 
mouths of the Zambesi and two or three other localities, 
Looking at the Indian Ocean as a whole, any influences upon 
marine animal life from fresh waters into the sea, with the 
amount of terrestrial and fluvistile plants and animals 
‘ifted into the ocean by rivers, would be chiefly found in the 
Bengal Sea (including the Martaban Gulf) and upon the north-east 


—_ 


shores of the Ambian Sea, with one or two places on the cast coast 
‘aera i and Ceylon, the area oceupied 


wide hase On ira, Ac bal ie 

cation with the Atlantic, though at the same time the region 
terminated by the Cape of Good Hope and Cape’ Agatha tees 
southward, so comparatively little southward oS Cee 


the Southern Polar regions. 

In the run of the African coast which bounds the Atlantic for 80 
long a distance on the east, fresh waters flowing outwards through 
great drainage channels seem chicfly to occur at the Orange River, 
the Nourse, the Counza, and the Congo, or Zaire, on the south of 
the equator, and at the Quorra, Gambia, and Senegul, on the north. 
‘The coast northward of the Senegal bounds for about 1000 miles 
the Atlantic on the one side, and the great African Desert on the 
other, From the Desert to Cape Spartel minor streams only fill 
into the eca. The great indentation of the Meditermnean then 
auceeeds, 

‘The European rivers discharged into the Atlantic, or the tidal 
seas and channels communicating with it, are inconsiderable streams 
as compared with the great rivers of the world; indeed a lange 
portion of the European drainage finds its way into the Mediter- 
ranean, Black, Caspian, Baltic, and Arctic Seas. Such drainage 
as falls into the Caspian is evaporated in that sea, and that not so 
treated in the Black Sea is evaporated in the Mediterranean; with 
all which directly finds its way into the latter. So that from the 


* Due regard has, however, to be paid to the temperature of the current, considered 
to be that of the mcan of the ocean, which flows for some distance up the west const 
of Africa, frum the Cape of Good Mope, as also to Uhat stated to run from the south 


end of Africa some way up the eastern const. 
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Baltic alone the drainage waters of Europe find their way into the 
Atlantic, in addition to those which flow directly into it, or the 
tidal channels and seas communicating with it- Enough, however, 
escapes in this way to give a varied character to the coast con- 
ditions, as regards the mingling of fresh with sea waters, under 
which aquatic life may be found and, in part, entombed, and the 
remains of terrestrial and fluviatile plants and animals be also 
accumulated, 

In the Arctic Ocean, the coasts present us with much mingling 
of fresh water and sea, the drainage of'a large portion of Asia and 
of a minor portion of Europe falling into it; poor Get 
water discharged into great indentations or arms of the sea, such 
as the White Sea and the Gulfs of Obi, Leniseisk, Khatangskii, and 
Kolima; part through deltas, as the Petchors and Lena ; and part 
in a more ordinary form, The fresh water so supplied to the 
coasts of these regions is interrupted or lessened during many 
months of the year by the climate ; much of it being arrested in the 
form of ice, to be let loose in the warmer months. ‘The ice, also, 
in the seas of these high latitudes, necessarily modifies the coust 
conditions for life us it exists in the temperate and tropical shores 
of the world. The drainage delivered into the sume ocean from 
North America is less important than from Europe and Asia. Of 
the North American rivers flowing into this ocean, the Mackenzie 
would appear the most important, succecded by the Back and 
Slave Rivers. The land and eca are 40 mingled on the north coast 
of America, and the ice and snows eo abundant, that the shore 
‘waters become much influenced thereby. 

Looking to the Southern Ocean, we find the ice and snow of the 
Antarctic land most important, as regards the shore conditions. A 
great barrier of ice, indeed, there occupies the position of the 
coast for a great extent, so that both in the Arctic and Antarctic 
regions we have to regard ice accumulated round the land, or 
formed in the sea, as most materially influencing the existence of 
marine life and the preservation of its remains amid sedimentary 
and chemical 

Tn such regions, also, we see the extension of marine life (vege- 
table and animal), and of air-breathing creatures (birds and mam- 
mals) feeding upon it beyond the range of terrestrial vegetation, 
and of animals directly consuming it or the creatures which first 
feed upon it, 

‘Though such is the general fact, the conditions for the entomb- 
ment of the remains of terrestrial animal and vegetable life in the 





i of water being 
ree cay ene wl ow co elareea 
their mouths, and the interior ice and snows are melting. 

Obi and its tributaries alone drain a large Asiatic area, 

from lat,47° 067°. TheJenisei, rising from the'Tangnou. 

Altai Mountains, likewise flows through 20° of latitude to 70? N.. 
while the Lena and ite tributaries, considered to drain 785,565 
square (English) miles, rises (in lat, 57°) from the Jablonnof or 
Stannovoi Mountains (the eastern portion of which looks upon the 
zea of Okhotsk), delivering itself into the Arctic Ocean, in about 
Jat. 73°38’ N. Other rivers, also, flow northerly for considerable 
distances from the south, such as the Dyina, Petchora, Khatanga, 
Anabam, Olia, Olenck, Iana, and Kolima. In Northern America, 
also, the rivers, though not numerous, flowing northerly, still show 
a dminage extending to the south for several degrees of latitude, 
though much interrupted by lakes* ‘Thus the Mackenzie, deliver- 
ing itself into the Arctic Occan in about 69° N., flows from the 
Slave Lako by an outlet in about 61° N,, giving 8 degrees of lati~ 
tude for this course, during which the river receives the drai 
from the Great Bear Lake. Regarding the Slave Lake as a mere 
interruption, by which the waters are spread over a wider space in 
a depression, the waters discharging thomeclves by the Mackenzie 
are derived from a drainage extending over a considerable arva 
(catimated at about 510,000 square miles), and reaching down to 
lat, 52° 30’ N., by means of the Slave River (running out of the 
western end of Athabasca Lake), and the A thabseca (lowing amis 
the sume lake also at its western extremity). 

Tn the northern parts of Europe and Asia, 3,000,000 square 
miles of which have been estimated as draining into the Arctic 
Ocean, and in some portion of North America, there are, therefore, 
conditions, particularly during the floods caused by the melting of 
the ice and snows, for thrusting forward the remains of terrestrial 
and fresh-water life into the northern seas, there to be mingled with 
detritus, upon the transport and accumulation of which ice has an 
important influence. We should expect that amid the intermixed 
land and sea, terrestrial animals often perish while crossing among 
the ice, at times when the latter is breaking up in the channels 

—_an 
* Collectively the Inkes of North America constitute a marked feature in the 


phyfical goography of that part of the world. ‘The volume of water in the chief lakes 
as beon estimated at 11,300 cubic miles. 
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and gulfs, so that their bones are, under favourable conditions, pre- 
LS p allemand anne accumulating beneath. No such 


sedimentary deposits which may be forming. All aid which great 
river drainages afford to the latter is cut off, and the little detritus 
that can be obtained from the land seems only capable of being so 
RIMS aL Aivecty fc fw: Lopedicgn axprontltc ba adsn Gee 
the short period of the year when the shores are not bounded 
entirely by ice. For the finer matter, not ice-borne, entombing 
the remains of life, we may probably look, as affording the chief 

ly, to ashes and lapilli vomited from volcanos, and scattered 
over adjacent seas, 

Enough has been stated to show the unequal conditions as to 
climate and the mingling of fresh with sa waters along coasts, 
‘The observer has next to consider the varied character of the shores 
themselves as regards the shallowness or depth of the adjacent 
seas, and the modifications of temperature, pressure, access of light, 
and conditions of intermixed air thence arising. It has been above 
seen (p. 96), that the volume of ocean is eo arranged as to the 
specific gravitics of its waters, that an equal temperature, con~ 
sidlerod to be 39° 5', reigns in tho sufficiently deep parts from pole 


depths, it is necessarily modified ns the seas become shallow, or 
currents may transport warmer or colder waters, as the case may 
be, from one oceanic area to another, As the consta are approached 
in the parts of the world where warmer waters float above those 
of 39° 5, we have conditions under which the temperature 
decreases downwards below the level of the sea to 7200 feet, and 


marina animals which could support a decrease of temperature 
equal to about 39° 5' (the surface temperature being taken at 78°), 
could live from the level of the sea to the greatest depths in the 
equatorial ocean.* A higher temperature may be found under 
favourable conditions of shallow water and small tides in some 


ss 
* It will be at moe obvious that this difference of temporature i easily sustained 
‘by many land animals in different parts of the world, 
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there is a different state of things. Still the subj 
merely with respect to temperature, the animals capable of living | 
in the ions, and unable to support lower temperatures 


than 39° 5’, could not occupy the higher waters, 

While in the equatorial parts of the world the temperature of the 
ocean may not be very materially altered on its surface, it is dif+ 
ferent with those portions of its higher waters exposed to the 
changes of winter and summer, 0 that the temperature of the 
surfuce waters is there more considerably modified, especially upon 
coasts, The animals living in the shallow waters of such regions 
are, therefore, liable to an amount of difference in temperature not 
experienced by those inhabiting the seas of the tropics, This is 
more particularly the case on the shores of tidal seas, with their 
estuaries, where, even at high water, large tracts of coasts may 
only be covered by shallow waters, becoming dry at low tide, 

As regards mere temperature, it will be apparent that a vast 
volume of the southern ocean might be tenanted by similar life, 
extended over its floor at any depths from about 7200 feet at the 
equator, 3600 im lat. 45°8., the surface in 54° to 58°S., and 
4500 fect in lat. 70° 8.5 and, probably, under the needful modifi- 
cations, considering the different distribution of land and water on 
the south and on the north, in a similar manner towards the 
northern regions. Modifications, also, arising in the various seas 
communicating with the main ocean, and more or less sepamted 
from 4t, such as the Mediterranean, in the western part of which the 
wators beneath 200 fathoms have been supposed to remain at about 
‘a temperature of 55°,* must also be borne in mind. 

With differences of depth, the observer has to consider the dif 
ferences of pressure to which any animal or vegetable living in the 
sea would have to be subjected, so that such life would be very 
differently circumstanced, though under equal temperatures, at the 
depth of 7200 feet at the equator, and in the shallow waters of the 

* M, Berard found, at » depth of 1200 fathoms (without reaching bottom), between 
the Haloaric Islands, a temperature of 58°-4, the surfuce water being at 699-8, and 
the nir at 73°°2. From other observations in the western part of the Medi 
ft the respective depths of 600 and 790 fathoms, and another not stated, it was found 
that the water was still at 55°-4, though the temperature of the surface water varied 
materially, M. D’Urville rvmarks that these experiments accord with some made 
ly himself, also in the Mediterranean, at 200, 200, 250, 600, and 300 fathoms, when 
he obtained the respective temperatures of B4°+%, A°+1, S753, B46, mn DESK | 
Geological Manual, Sed edit, p. 25. 
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oceanic regions where that of 39° 5' rises to the surface. We 
cannot suppose an animal so constructed as to sustain a pressure of 
more than 200 atmospheres at one time, and of 2 or 3 atmospheres 
at another. A creature inhabiting a depth of 100 feet would 
sustain a pressure, including that of the atmosphere, of about 60 
pounds to the square inch, while one at 4000 feet, no very im- 
portant depth, would have to support a pressure of about 1830 — 
pounds to the square inch, 

Animals, among other conditions for their existence, are adapted 
to a given pressure, or certain ranges of pressure, psp aes 
they can move freely in the medium, either gaseous or 
which they live. (Alvis dalieste vomscl] eel apo dreate 
muscles are adjusted to it. When the pressure becomes cither too 
little or too great, the creature perishes; and, therefore, when act- 
ing freely in such a medium as the eca, an animal will not readily 
quit the depths in which it experiences case. All are aware of the 
adjustment of an abundance of fish to the depths, to or from which 
ee ne ee by means of the apparatus of swim- 

This arrangement, however, only changes their 
paca gavin asa whole, the relative velume oveupied by the 


difference, though, no doubt, also the squeezing process at great 
depths would diminish the volume of such other parta of their 
bodies, as were in any manner compressible, the reverse happeni 

with a rise from deep waters to near the surface. So adjusted to 
given depths do these swimming bladders appear for each kind of 
fish, that it has been observed that the gas or air in the swimming 
bladders of fish brought up from a depth of about 3300 foot (under 
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tas the eplindrial copper elréube, under the vee etched to Maisey' pete he, 
‘and was crushed quite flat, under £0 of about 300 fathorna (1800 
fea A'aaret is dred, waa barvt before it descend 
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the specific gravity of the sea in which they live (and te ecedle 
gravity of the sea does not appear to vary from any increase of 
saline matters in Stolp cops eo ee ae 
compressible, it will become more dense according to depth), the 
Jess they would experience the difficulties of a change of depth. 
‘On the contrary, the more any parts may be compressible, and sir 
or gaseous matter be included in their bodies, the less would they 
suffer changes of depth with impunity. 

‘That light should have its effect upon marine as upon terrestrial 
vegetation we should expect, the light of day being important as 
well to onc as the other, viewing the subject asa whole. It would 
evidently, also, be important to all marine creatures possessing the 
organs of vision, so that we should anticipate that the great mass 
of fish, crustaceans and molluscs which possessed eyes, would 
ccupy situations and levels in the sea where they could obtain the 
light needful to them. The Pomatomus Teleacopium, caught at 
considerable depths in the Mediterranean (near Nice), is considered 
to afford an example of adjustment to the minor amount of light 
reaching its ordinary abode, ita eyes being remarkable for their 
magnitude, and apparently constructed to take advantage of all the 
rays which can penetrate the depths at which it lives, While, 
however, light may be absolutely needed for the existence of some 
marine life, it is not obviously necessary to others, these not 
ing eyes. Many marine creatures seem to flourish under conditions 
in which it can be of little value, at the same time the influence of 
light may often be of importance where it is not suspected, 

Tt is not improbable that to the power of obtaining a proper 
amount of disseminated atmospheric air in waters, we may look for 
4 very important element in the existence of animal and, indeed, 
of vegetable life in the sea. To the one and the other oxygen 
seems essential. At the junction of the sea and atmosphere, we 
have the best conditions for the absorption of the air by water, the 
agitation of the surface from the friction of the atmosphere on the 
sea, perticularly during heavy gules of wind, being especially 
‘of a boat down to a considerable depth by a whale, after whieh the wood be 
‘came toa heavy to float, the soa water having foreed itself into Its pores. 
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“eae eres mixture of the _ two, assisting the ab- 


a nevi tae) tierra repair hes 
this head are very desirable. From observations by M. Biot, on 
the gaseous contents of the awimming-bladders of fish, it has been 
inferred that such contents probably vary according to the depths 
at which such fish live. He found these swimming bladders nearly 
filled with pure nitrogen when they were those of fish inhabiting 
shallow waters, and with oxygen and nitrogen, in the proportion 
of Y, of the former to ,', of the latter, when those of fish living at 
depths of from 3000 to 3500 feet, 

According to M. Aimé, the amount of air disseminated in the 
waters of the Mediterranean, opposite Algiers, is nearly constant 
from the surface to the depth of 5250 feet.t 

We might assume that, from its immediate contact with the air, 
surface waters would more readily obtain any needful dissemination 
of it than those situated at greater depths, so that the mode of 
consuming oxygen would be adjusted to such conditions, animal 
life inhubiting great depths being so formed as to require it at con- 
siderable interval In tidal seas we find certain molluscs adjusted 
to live in situations exposed to the atmosphere during the fill of 
every tide, while others inhabit places always covered by sea, except, 
perhaps, at equinoxial spring tides. From inhabiting shores some 

are commonly considered as littoral species, while others 
are well known as rarely obtained except in deep waters, 

Although general views may have. been some time entertained 
with respect to the modification of marine life, depending upon the 
temperature, pressure, light, and ability to procure oxygen under 
which it may be placed, it could scarcely be eid that we had 
sufficient data for the philosophical consideration of this subject 
until the labours of Professor Edward Forbes in the British and 
A€gean Seas supplied the necessary information. 

Professor FE. Forbes pointed out that with regard to primary 


* The fison of alr upon Sinner Ikea pros the wm realy ier 
mingling the sir and water. Cascades and waterfalls intermix them in many 
eS ee eee 


t Comptes Rendue de I’ Académie des Setences, 1843, vol. x¥i., py 
$ The author entered somewhat at on levator tn To, t2 ‘bis Researches 
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influences, the climate of the Eastem Mediterranea was uniform, — 
and that the sbsence of certain species in the Hgean Sea, charae- 
teristic of the Western Mediterranean, was rather due to a modi- 
fication in the composition of the sea water, from the i 
the less saline waters of the Black Sea, than to climate* T! 
influx of river water produces its consequences ; and it is remarked 
that, among 46 species of testacea collected on the shore at 
Alexandria, there were 4 land and fresh-water molluses, 3 of which 
are of truly subtropical forms, so that while in one part of the 
Mediterranean forms of this character are mingled with the ordinary 
marine testacea, in another, asat Smyrna or Toulon, the Melanopsis 
is mixed with them near the former, and characteristic European 
pulmonifera near the latter. It is also shown by Professor E. Forbes, 
that while vegetables of a subtropical character may be barne down 
by the Nile, into the Mediterranean on the one side, accompanying 
the remains of crocodiles and ichneumons, the Danube may 
parts of the vegetation of the Austrian Alps, with the relics of 
marmots and mountain salamanders, the marine remains mingled 
with these contemporancous deposits retaining » common character. 
With respect to modifications in conditions arising from depth, 
Professor E, Forbes divides the Eastern Mediterrancan into eight 
regions, each considered to be characterised by its fauna, and also 
by its plants, where they oxist, Certain species were found eon- 
fined to one region, and several were necertained not to range into 
the next above, whilst they extended into that beneath. “ Certain 
species,” he adds, “have their maximum of development in each 
zone, being most prolific of individuals in that zone in which is 
their maximum, and of which they may be regarded as especially 
characteristic, Mingled with the true natives of every zone are 
stragglers, owing their presence to the action of the secondary in- 
fluences which modify distribution. Every zone has also a more or 
less general mineral character, the sea bottom not being equally 
variable in each, and becoming more and more uniform as we 
descend. The deeper zones are greatestin extent ; so that whilst the 





* He attributes to this cause the dwarfish character of the mollusos, with few ex- 
coptions, when compared with their analogues in the Western Mediterrancan. “This 
is wen most remarkably in some of the more abundant species, such mx Pactew qpere 
eularis, Venerupis irus, Venus fosciata, Cardita trapezia, Modiola barbate, and the 
various kinds of Bulla, Hisoa, Furs, and Plevrotoma, all of which seemed as If they 
‘wore bat minfattere representations of their more western brethren. To the same 
cause may probably bo attributed the paucity of Medusce, and of corals and 

only seem to gain by it." —Keport of the British Association, vol. xii. p. 192, 
QMooting of 1843), 

+ Ampullacria oenta, Patnitina wnicolor, nnd Cyrenn orientalis, 
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ea ark inge ep sag ae me oa oem lbs 
700 feet in perpendicular range.’ 

op akg eyed Oe rs a 
limited to 12 feet, all the modifications arising from kind of bottom, 
rock, sand, or mud, are shown to have their influences, and the 
effects of wave action, bringing up the exuvia of animals inhabiting 
the next region beneath, are pointed out, The second region is 
estimated at 48 feet, ranging from 2 to 10 fathoms; the third at60 
feet, between the levels of LO to 20 fathoms; the fourth at 90 feet 
(20 to 35 fathoms); the fifth at 120 feet (35 to 55 fathoms ); 
the sixth at 144 fect (55 to 79 fathoms); the seventh at 150 
feet (80 to 105 fathoms); and the eighth, all explored below 
105 fathoms, amounting to 750 feet, more than twice the depth of 
all the other regions taken together, the total depth amounting to 
1380 feet, 

So complete are the modifications in invertebrate life, produced 
by the conditions in these various zones or regions, that only two 

ies of molluses were found common to the whole eight—viz., 
Arca lactea and Cerithium lima, “the former a true native from 
first to last, the latter probably only @ straggler in the lowest.” 
Spree ee era on carats sven sep Yee 
regions: and seventeen to five regions.§ With to geo- 

distribution and vertical range in depth, E. 

Porbes remarks that those species which possess the one exhibit the 
other, more than one-half of those having an extensive range in 
depth, extending to distant localities, in nearly every caso to the 
Britivh seas, some still further north, and sume in the Atlantic, far 
south of the Straits of Gibraltar. He concludes ‘‘that the extent 


* British Association Weports, vol. xii, ps 14. 
+ Nucwle margaritaces, Marginella clandestine, and Dentalium Gecostatue ; the 
Petar meamcerct ies tare yoocty. dropped Skee ie’ lowe? secw Wearrivaiag 


wee-weeds. 

1} Cortmia nucleus Turritella Splienta.. 
Nowra cuspidata, Triforis adversun, 
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Modiola barbata, 

§ Nowra costeliata. Chania ringens, 
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af the rango of s species in depth is correspondent with ite, geo: 
graphical distribution. 

‘As regards the influence of light, Professor E. Forbes presents , 
us with facts connected with the molluscs and other animals, 
deserving much attention and extended research, due allowances 
esse reset iodifaicen poland abe poesia seas 
be attributed in many cases to an abundance of’ m 
‘a beautiful pea-green sea-weed, Caulerpa prolifera, pipers 
af shells in the lower zone were found to be white, or, when tinted, 
of a rose colour, few exhibiting any other hues. In the higher zones, 
the shella, in a great many instances, exhibited bright combinations 
of colour. The animals also of the testacca and radiata, in the 
higher zones, were much more brilliantly coloured than iu the lower, 
where they are usually white, whatever the colour of the shell may 
bet 

‘The researches af Professor E. Forbes have led him not only to 
attach great value to the bottom in or on which marine animals may 
live (and it will be obvious that creatures whose habits may be 
suited to mud would find themselves ill at ease upon rocky 
alone), but also to point out the effects produced by the accumula- 
tion of the harder parts of successive generations of marine animals 





* Reports of British Association, vol. xii, p. 171. 

“18/" observes the Professor, “we inquire into the species of Mollusca which are 
common to four ont of the eight A2gean regions in depth, we find that thore are 38 
such, 21 of which ore either British or Biscayan, and 2 are doubtfully British ; whilst 
of the remaining 15, 6 are distinctly reprosented by oe 
‘Thus among the Testacen having the widest range in depth, one-third are Celtic 
sorthern forms; wilt out ofthe remalnder of 2gean Testaces, those anglag trugh 
Jess than four regions, only « litile above a fifth are common tothe Brilsh seas. One 
half of the Celtic forms in the Bgean, which are not common to four oF more xones in 
b toe od among the cosmopolitan Testacea, inhabiting the uppermost part of the 

ittoral zone,” 

t Professor B, Forbes adds, “In the seventh region, white species (of Testnoes) axe 
also very abundant, though by bo mans Soszing 6 proportion 9a Eta GSS aa 
Brownish-red, the prevalent hue of the Brachiopoda, also gives a character of 
to the fauna of this zone; the crustacea found in it are red. In the alxth zone, the 
colours become brighter, reds and yellows prevailing, generally, however, uniformly 
colouring the shell. In the fifth region, many species are banded or clouded with 
various combinations of colours, and the number of white species has greatly 
diminished. Tn the fourth, purple hues are frequent, and contrasts of colour common, 

Tn the second and third, green and blue tints aro mot with, sometimes very vivid, but 
the gayest combinations of colour are seen in the littoral zone, as well ax the most 
brilliant whites.” 

Respeoting the colour of the animals of Testnces, tho genus Trvehus ix selected ax 
“gn example of a group of forms mostly presenting the most brilliant hues byth of shell 
and animal; but whilst the animals of mob species as inhabit the titioral zone are 
gaily chequered with many vivid hues, those of the greater depth, though Shale 
fare almost as brightly coloured as the covering of their allies nearer tho 
thoir animals for the most part of an uniform yellow or reddish hue or elie peor 
white Reports Brit, Avsor., vol, aii., p. 173, 
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upon the same bottom, thus, in fact, altering its condition, so that 
they may die out from this increase.* He considers that until the 
old conditions be restored by a new accumulation of detrital matter 
different from that presented by the animal exuvim, the same 
animals would not find the kind of bottom suited to them; and the 
geological bearing of this view is shown to be illustrated by the 
bands or layers of fossils so frequently found interstratified with 
common sedimentary matter.t In conclusion, Professor E. Forbes 
adverts to the evidences of the existing fauna of the Aigean which 
would be presented if its bottom were elevated into dry land, or the 
sea filled up by sedimentary deposits. While the remains of some 
animals would afford the needful evidence of their existence, and 
occur under circumstances whence the probable depths at which 
they lived might be inferred : of otter annele ee 
the present seas, no trace would be found.t 

While Professor E. Forbes was thus investigating the contend 
under which marine life existed in the Mastern Mediterranean, 
it fortunately so happened that Professor Liven was engaged in re- 
searches leading to general and similar conclusions respecting the 
modifications in marine life on the coast of Norway, Though both 
localities ure so far similar that the shores are for the most part 
rocky, and deep water to be often obtained near the coast, they 
differ us to climate, and as to the sea being tideless in the Eastern 





* He illustrates this point by beds of scallops (Secien qpercularis), or of oysters, 
which, when considerably incressed, give rise to a change of ground, by the aecumu- 
Intion of their shells, no that the race dies out, and the shelly bottom becomes covered 
‘over by sedimentary matter — Edinburgh New Phil, Journal, vol. xxxvi.. ps S24, 

+ In his paper on the light thrown on Geology by Submarine Researches, being the 
oy erences Cg ST 
‘ind February, 144 (Rdinburgh New Phil Journal, vol. xxtvi., p. 418, 1844), Pro- 
fessor E.. Forbes, while Lar rer lle rede ger donations Sy ml! 


Seeuguarbasoy cnesine; bewtren emrerere ‘very numerous; a ee 
fishos resort for food. ‘The scarcity of remains of testaces in exndstones, the 

tana of worms upmarket, wehbe eidesty os depen 

shallow sea, and the fish remains often found in such rocks, are explained in a great 

er tivarelgnee 

t The following are the inferences on this head, inferences extremely valuable re 
the animal life existing at different geological periods :— 

“1, Of the higher animals, the marine Vortebrats, the remaine would be scanty and 


widely scattered,” 

2. Of the highest tribe of Molluson, the Copholopods, which though poor in species 
is rich in individuals, there would be but few traces, saving of the Sepia, the shell 
of which would be found in the sandy strata forming parts of the coast lines of the 
elevated pen-bed.”" 

3, Of the Nudtbranchous Mollusca there would not, tn all probability, bes trace 
to assure us of their having been; and thus, though we have every reason to mypyose 
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Meditermnem and oceanic off Norway. While adverting to the 
modifications of life at different depths, Professor Liven attributes 
much of the character of the submarine life off the coasts of Norway 





from analogy Ut those beautiful au! highly-chsracteristic animals lived in the tertiary 
erie af fhe eerive history, not to older seat, well ot wi Sets BOA 
remain to toll of their former existence, 


Gat ce ee ee 
rawr regions 
‘Toe Brochioyoda we should fod in deeply-barled eds of mllipore ana 
etic tals eheadones re could ct enon ya ha dapth ie teh aes were 
™ 


“6, Tho Lamellibranchiate mollusea we should find most abundant in the soft clays 
‘endl muds, fo mach deposits generally presenting both valves im thelr aatursl positions, 
whilst such species os live on gravelly and open bottoms would be found moatly in the 
stato of vingle walver” 

7. ‘The tertaceous Guateropola would be found fn all formations, but more abundant 
poperens oes ie oats sere Toy (nes see ee 
‘ing the northern or southern character of the fauna, or on the climate under 
a waoear ton eutturee or Wictresae easton onl ea 
the depth in which the particular stratum examined waa found, and on the elass of 


dec seaiy forms weciosn erento, ving exe dhietss4 eae cee 
rolled pebbles, which would afterwarda go to form sonpletoeraa, wool! bral $esiae 
Dility be destroyed, as would alvo be the case with the greater number of 


"9, The Motives tunieats would disappenr altogether, though now forming an fm- 
portant link between the Mediterranean and more northern #oas.’ 

“10. Of the Arachnodermatous Radiata, thero would not be found a trace, unless the 
‘aesibrasc saletya of he Voll ehoald, salar some periiacy favourable creum~ 
stances, be preserved in 

“11. OF the Matinoternets, certaln opecle of Zdicm evald be Sale 
species of Cidaris, on account of the depth at which that animal lives, would not be 
unfrequent in certain strata, as the region in whieh it is found bounds the great lower~ 
most region of chalky mud the spines woukt be found occasionally in that deposit, 
far removed from the bodies to which they belonged. Starféshes, saving such as live 
‘on mud oF sand, would be only evidenced by the occasional preservation of thelr ea 
slcula. Of the extent of thelr distribution and number of species no correct iden could. 
be formed. Of the numerous Holothuriade and Sipunculida, 1t is to be feared there 
‘would be no traces. ‘The single Crinoldal animal would be easily preserved entire, but 
its omsicula and eup-like base would be found in the more shelly deposita."* 

“12. OF the Zoophyta, the corneous species might leave impressions resembling: 
thove of Groptolites in the shales formed from the dark muds on which they live, 
Tha Giral would be fer, bet perhaps plentiful in the sbelly beds; mosty Mea 
fragmentary, “adlocora cerapitoas, whore present, would infallibly mark the 
ema a eateat/ sate ties be eas at its masses, might be preserved in con 
glomerates where tho testacea would have perished. ‘The Actinwe would have dis- 
appeared altogether.” 

"18, OF tho sponges, tences might bo found of the more silicious species when buried 
‘under favourable circumstances.” 

+14, ‘The Artioalata, exeopt the shelled annelldes, would be four the most part in a 

i " 

1s. Foraminifera would bo found in all deposts, thete minutoneas being thelr 
tectlon but they would oocur moet abundantly tn the Ngheot and lowest beds dlelnet 
‘species being characteristio of each." 
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to variations in the sca-bottom, always, however, making allowances 
for the depth,* thus agreeing with the general views of Professor 
Forbes. . 


‘While marine life is thus found adjusted to different zones of 


coasts, among which may be classed, though very small, com- 
paratively, the shallow seas around the British Islands, the area of 


“16, Tracts would be found alinost entirely deficient in fossils, worne, such as the 
mud uf tho Galf of Smyrna, containiag bat fow and seattorod; whilst similar muds in 


aod Present no traces of animal life, which be most 
‘abundant in the shales and touia""—Prof. E, Forbes! Reports, 
‘Brit. Assoolntion, vol. xii. p. 176, 

* Professor Liven 


observes, # Aa to the regions, tho Uttoral and laminarian are 
well defined e end ebaracteristio 


very their specie 
for outof them, The same is the case with the florideous Algm, which ly most 

nearer to the open sea. But it is not so with the regions from 15 to 100 
fathoms (90 tw 600 feet). Mere there is ot the name time the greatest number of 


As the vogetation cosses, at 2 line far above the doopest ‘of animal life, of 
course the mollusca are predominant in these parts, while the 
are more peculiar to regions, The observation 
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which inside depths, not exceeding 600 feet, will be scen by 
reference to fig. 65 (p. 91), we should anticipate disturbing con- 
ditions much affecting the distribution of some portion of the marine 
life upon them. With regard to a knowledge of the distribution of 
marine life in the British seas, we are indebted to the researches of 
Professor E. Forbes, commenced anterior to those undertaken in the 
Hgean Sea.* It was while prosecuting these researches that he 
ascertained the value in these investigations of the power of mollusea 
to migrate+ He has pointed out that they do so in their larva 
state, ceasing “to exist at a certain period of metamorphosis, if they 
do not meet with favourable conditions for their development, #. ¢., 
if they do not reach the particular zone of depth in which they are 
adapted to live as perfect animals.” 

Professor E. Forbes divides the British scas into four zones of 
depth: 1, the Littoral; 2, the Laminarian ; 3, the Coralline; and, 
4, the Coral.g The littoral zone lies between high and low water 
mark, varying in extent according to the rise and fall of tide, and 
the shallowness or depth of the shore, “Throughout Europe, 
wherever it consists of rook, it is characterized zoologically, by spe~ 
cies of Littorina; botanically, by Corallina; where sandy, by the 

of certain species of Cardium, Tellina, and Solen ; where 
gravelly, by Mytitus ; where muddy, by Lutraria and Pullastra.” 
‘The littoral is divisible into minor zones. The Laminarian zone 
is the belt commencing at low-water mark, and extending to the 
depth of 7 to 15 fathoms (42 to 90 feet). Alge are common, and 
numerous animals inhabit the forests composed of them. bee 





*"the rst notice of them was published in the Edinburgh Acedemlo Annual for 
1840, 

+ In 1840, he gave a summary of seven years’ cbrervations at a particular seaton of 
the year—Annals of Natural History, vol. iv, 

Edinburgh New Phil. Journal, vol. xxxvi., p. 825, 1814. Speaking of the manner 
fn which the larvw and eggs may be transported, it is observed that " if they (the 
lurve) reach the region and ground of which the perfect snimal is # member, then 
they develop ond flourish ; but if the period of their development arrives before 
they have reached their destination, they perish, and thoir fragile shells sink into 
the depths of the sea. Millions and millions must thus perish, and every handful of 
the fine mud brought up from the eighth zone depth in the Mediterranean, is literally 
filled with ‘hundreds of these curious exuvim of the larem of mollusen.” 

| Those zones, originally pointed out in 1840, are considered to have been esta 
blished by subsequent researches (Memoirs of the Geological Survey of Great Batain, 
Vol. 4, p71, 1846). Profersor Forbes remarks that the two first rogions had been 

noticed by Lamourous, in his account of the vertical distribution of ea 
Treacle; bj Audouin and Miloe Edwards in thetr observations on the natural history 
of the coast of France ; and by Sars, in the preface to his Bagtivelser og Jagtivelser. 

WA table of the characteristic animals and plants, of four sub-zones, 1s given itr 
Professor Farbes’ Memoir on the Geological Relations of the existing Fauna and 
Flora of the British Istes.— Memoirs of the Geological Survey of Great Britain, Wole tay 
p. 373, 
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the mollusea, the genera Lacuna and Ristoa, the Patella pellucida 
and Levis, Pullastra perforans and vulgaris, and various Modiole 
are especially characteristic of this zone, and numerous zoophytes 
and Radiata, especially Kchinus sphera, Tubularia, Actinea 
senilis, though ranging both higher and lower, are more prolific 
here than in any of the other regions.” Lastly comes the Wullipora, 

ing the marine vegetation in depth, and rarely ranging down 
to more than 120 feet in our seas. 

The rogion of corallines is so termed from the greatest abundance 
of corneous zoophytes, which appear to take the place of plants, 
being found init, The carnivorous mollusca are abundant, species 
of Kusus, Plourotoma, and Buceinum are common, and many 
species of Trochus are found; Natiow, Fiswerelle, Kmarginule, 
Velutine, Capulus, Hulime, and Chemnitzie are abundant; and 
among bivalves, Artemis, Venus, Astarte, Pecten, Lima, Arca,and 
Nuouwla, “Numerous and peculiar Radiata, including the largest 
and most remarkable species, abound, and for number, variety, and 
interest of’ the forms of animal life in the British seas, this regi 
transcends all others."+ This zone extends from about 90 to 
about 300 feet, its greatest development being between 150 and 
210 feet, 

The fourth region is that of deep-sea corals, and is local, The 
greater part of the area of the British seus does not attain the 
depth at which this zme commences. Professor E. Forbes con- 
siders this region as hitherto but very partially explored. “ As’ 
far as we know," he observes, “ it is well characterized by the 
abundance of the stronger corals, the presence in quantity of 
epecies of the Dentalium-like genus of Annelides, called Di 
by a few peculiar Mollusca, and by peculiar Eehinodermata, as 

and Cidaris, and Amorphozoa, as Tethya cranium. 
All our British Brachiopoda inhabit this zone, and probably range 
throughout it.”{ 


* Profesor FE. ge points out, Sok. § Se Nullipora likewise bounds marine 





ea ins Mom, Gool. Survey of Great Britain, vol. L, p. 874 
2 Prafor E, Forbes roma respecting the Brachlopoda, 

espe more shallow water among the corallines, there are reasons for 
‘Delieving that thelr occurrence there inay be explained by geological changes affoct- 
Ee Co eetieey ofthe osteliom: [We 


a 
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‘The advance thus mado will be sufficient to stimulate other 
observers, so that at no very distant period a valuable mass of 
evidence may be anticipated." Probably the general views, 
based on the local investigations above noticed, may be found 
capable of extensive application. However this may be, it can 
scarcely but happen that an accumulation of additional data 
would most materially aid the progress of the geological inferences 
ee seen som tik nine of occurrence of onganic remains in 

With respect to the littoral zone, that most influenced by 
climate, while in tideless seas or those where tides are of little 


to atmospheric influences for different 
periods, these near high-water mark the longest ; so that while the 
latter may remain uncovered by water six or cight hours at a 
time, those nearer low-water mark may be so for only an hour or 
two, some merely for a short time at spring tides, Neap tides 
also leave a belt surrounding land, the higher part of which is only 
covered by water for a few days at a time, and then only at 

tides, It thus happens that while in the tropics the littoral zone 
may not be under very material changes of temperature during 
the year, this condition, locking at the subject as a whole, gradu- 
ally shades off on either side towards the polar regions, where the 
water becomes solid along shore for part of the year, and the coasts 
are often only partially clear in the summer, portions being still 


‘We would refer for a valuable view of the characteristic planis and animale n= 

habiting the four zones into which the area of the Baitioh sia, Soe besa ies 
tho table given by Profesor K, Forbes, in his Memoir on the Geological Kelations of 
the existing Fanna and Flora of the British Tslos, Memoirs of the Geological Survey 
of Great Britain, vol.1., p. 375. 

* When we recollect that under favourable circumstances the-officers of our Bey, 
and of our Merchant Service, may ronder groat amixtance to thie inquiry, when 

properly conducted, it is to be hoped that we may eventually obiain, through their 
‘exertions alone, more extended facts connected with the subject. Under their care 
the dredge might often be applied with advantage; and if specimens of the animale 
obtained were stowed away safely, Properly ticketed, for the examination of eam= 
potent naturalists, far more would be known in the next half-century touching the 
Mistelbution of marine life, particularly at depths where surfece waves could not #0 
‘set ns to drive ite remains on shore, than could be accomplished by naturalists alone, 
however zealous, 

During the surveying voyage of H.MS, commanded by the late 
‘Owen Stanley, R.N., on the coast of Australia and New Guines, numerous 
observations were made upon the distribution of marine animals in 

nd an eccount of the zoues of life, ix the regious explored, is contained in the 
Narrative” of the voyage by Mr, Muogillivray, 
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subject to the occasional pressure of’ floes and masses of ice. In 
certain intermediate regions all animals and plants inhabiting the 
distance between high and low water mark, with its modifications 
according to the state of the tide, must be adjusted to sustain the 
seat lle teen cle hort ane a a 
atmospheric changes to which they are exposed. The differences 
of temperature observable round the British Islands, notwith- 
standing the advantage of their position, are sufficiently consider- 
able to produce a movement among many marine animals, as is 
well known, so that certain of them are only seen close in shore, 
among the pools left by the tide, in the warmer season, Others 
again 


rature. We have seen the common limpet (Patella vulgaris) 
apparently doing well on our coasts, at temperatures of 92° (close 
to the rock), and of 24°, a runge of 68°. As far, therefore, as 
temperature is concerned, such s mollusc could live in the ocean 
waters, and at any depths, in all parts, except in the higher 
portions of the sea during the winter months in the icy regions. 
Its organization is no doubt adjusted to a littoral life, and to 
changes of temperature, as part of the littoral conditions in such 
climates as that of the British Islands, but the amount of change 
which it can in this manner support, may make us careful at 
giving too much importance to temperature alone in the distri- 
bution of marine animal life. Once beneath a moderate depth of 
sea, the mass of water is less acted upon by atmospheric influences, 
and the adjustment to the specific gravities of water at different 
is such as to produce much uniformity in the tem- 
pemture of the deeper zones, and minor modifications in those 
above them; in the warmer regions tending to keep the sea tem- 
Reteista Gaconth at of the ctccophers, and in the colder to raise 
that of the water above it As, therefore, the sea level is ap- 
proached, so as a whole must the animals inhabiting the higher 
zones be adjusted to support changes in the temperature of the sea 
in those regions where the summer differs materially from the 
winter as regards heat, 
depths of 200 or 300 fathoms, we have a large area, on the bottom 
of which we have no reason to suppose any vegetation exists, 
secing that observations on coasts would lead us to conclude that 
the needful conditions for its growth terminate at comparatively 
very minor depths, All phytephagous marine creatures would not 
be expected beyond their ability to obtain the food fitted for them, 


ee | 
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while the carnivorous animals have necessarily the power to ex~ 
tend vertically and horizontally, far beyond the growth of marine 
‘vegetation, however this vegetation may support the mass of life 
upon which the carnivorous animals have, ax a beginning, to feed. 
etek ecg ee Cone 
vegetation, tending to support animal life, and forming the 
See Gre icdiinthad at Goss neck neatigsse oceaa This, 
Le Sat is an exception to the general fact of the absence of 
in the open ocean, except so fr as stray 
Hester ed a-weed)y borne’ by cures ficen Cette 
concerned, 

Tn the oceanic depths there exist, apparently, conditions under 
which some portions of the remains of the fish, crustaceans and 
molluscs, to be found on the surface above, may be preserved. 
Although much may be consumed and continued in the mass of 
life so inhabiting the surface, from time to time some part of the 
harder portions of animals may descend to the bottom, assuming 
that the specific gravity of such remains be such as to permit 
their fall through the water.* Shells of the Zanthina communis, 
having « specific gravity of 2-66, und of the Nautilus umbiticatus 
with that of 2-64, would, after the fleshy matter of these molluscs 
was decomposed or consumed, and no air entangled in the interior 
of the shells, be capable of descending to any depths which we 
may consider at all probable in the ocean, supposing its saline con- 
tents not to materially differ in depth, and the compressibility of 
sea water euch as experiments upon fresh water would lead us to 
infer. We may thus have the remains of marine animale scattered 
over the bottom of the ocean floor, in certain localities especially, 
az also those of stray animale drifted from coasts, attached to sea- 
weeds or pieces of wood, both of which decomposing, the harder 

ions of these animals may fill to the bottom at great depths. 
Tt can scarcely be supposed that all the logs of wood bored by the 
‘Teredo, or covered over by the common barnacle, Anatifa striata, 
are drifted on shore, and that they do not often become so decom- 
posed as to permit the descent of the harder parts of these animals 
to the bottom. Indeed we might anticipate a somewhat singular 

* With respect to the comprosibility of the ocean waters ; according to Polesom 
(Nouvelle Tiicorie de l'Action Capiliaire, p. 277) it would require a pressure equal to. 
1106 atmospheres to reduce water six-hundredths of its volume. In the ecpechaeate 
of MM. Colladoa and Sturm, water uot deprived of air, wae com 
7 estonia fo cach atsomphere, and deprived of wr, aqusl to 40 05 millontha, 

The experiments of M, Oersted gave a compression of 46°65 millionths for each 


Atmosphere, Water containing salts in solution was found, as might be ex; 
somewhat less compressible. ¥ bc 
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ag Regia Dale Suite of seagrass : of 
paris ocean, in rising out 
considerable Bich, feariosblas nese Elastica 
other lado ofthe Sendrch group 

to the coast, we find with the animal life the vege- 
tation on which it feeds, from that exposed to the atmosphere 
at low water, on tidal shores, to that only known by dredging and 
fishing. ‘Those accustomed to examine the rocky shores of tidal seas 
well know how much sea-weed may be cast on shore in the little 
bays and creeks, or be drifted to the larger bays, during and after 
heavy gales of wind, producing breakers on such coasts, and which 
tear up the marine plants, especially towards low-water mark, 
where Oa ce ge Heep cee 
duced, A sandy bay beyond a long line of steep rocky coast, the 
latter exposed to some heavy gale during the rise and fill of 
several successive tides, so thatsca-weeds, detached by the breakers 
from it, are driven by wind und tide into the bay, will be often 
seen by the observer to have its beach covered in various places 
with matted masses of these plants, Frequently, as might be 
expected from the forces employed, these lines of sea-weed are cast 
up high on the beach, beyond the reach of calmer sens to float them 
off. They will there be disposed of according to the climate. In 
warm countries, or in the summer months of the temperate regions, 
they scon decompose, and their remains, not borne off in a gaseous 
form, become intermingled with the beach, An observer, by 
studying tho, sections of sandy beaches exposed by rille.or small 
streams of water, may occasionally find irregular layers of black 
carbonaceous matter, the result of the decomposition of masses of 
sea-weeds cast on shore, intermingled with the ordinary sand, and 
in some localities, parts of a shingle beach will be scen with an 
abundance of intermixed sea-weed in a decomposed or decomposing 
state, He may als find the light matter of decomposed sea-weeds 
borne to deeper waters in sheltered situations, its entombment in 
such places depending upon the disturbance to which it may be 
subsequently exposed, and the amount of ordinary sedimentary 
substances which may collect permanently over it. Insome localities 
much mud, black with carbonaceous matter thus derived, may be 
accumulated, 

Molluscs, living among the sea-weeds thus detached and east on 
shore, are occasionally observed to be entangled amid the plants, 
their harder parts remaining intermingled with the sandsor shi 
after the decomposition of the plants, so that the shells of rock- 
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frequenting molluses become embedded with those of others living 
in andupon sands. The little Patella pellucida is very commonly 
thrown on shore on our consts, adhering to the cavity it has made 
for itself at the root of some large fucus, and which, indeed, has 
weakened the power of the plant to keep its place, when acted on 
by the sea in heavy gales, It is also very common to find drifted 
marine creatures of other kinds entangled in these masses of 
detached sea-weeds; on some coasts the remains of crustaceans 
being abundant, 

With regard to steep coasts, vertical or nearly vertical cliffs 
plunging suddenly into deep water, it may happen that molluses, 


knocked off by the sea, While those uninjured may again recover 
their positions, a few perish, and their shells be preserved in sand, 
silt, or mud, with the remains of other molluscs living on such 
bottoms ; so that the remains of littoral, shallow, and deep-water 
molluscs become preserved together in the sume deposit, Molluses 
as they die must have their shells washed away by the sea on such 
coasts, and thrown into deep waters. Some account has also to be 
taken of birds picking the animals out of shells which they may 
have obtained upon the rocks at low tide, or have brought from 
adjacent bays where they may have been cast alive or recently 
killod on shore. Wo have seen the common oyster-catchers bury 
knocking off and eating limpets upon projecting portions of steep 
coasts, leaving the shells, all of which, when there is breaker 
action, must have been washed into deep water as the tide rose, 
Such circumstances have to be considered upon the steep coasts 
of the world, of which there is no want, many fathoms of dopth 
being found, with occasionally a few projections in different places, 
close along shore, various marine vegetables and animals occupying 
zones of the depths best suited to them. The sea adjoining some 
of the ocean islands, where great depths are obtained all round, 
may, perhaps, afford some of the best conditions for collecting 
together the remains of marine life which had inhabited different 
zones of depth. 

While the remains of marine animsls which have existed in 
different zones of depth, with the modifications due to sheltered 
and exposed situations and other variations of conditions, may be 
collected either in the immediate vicinity of, or at no great distance 
from, steep coasts, it is in tidal seas, to the fringes of detrital or 
chemically-formed matter around the chief masses of land, rising 


CaS) 
ee re ae ee eck ithe rome el ale 
amount of organic remains. Indeed, the modifications of the 


mass of rock rising above them), with usually a somewhat 
gentle slope to the depth of 600 to 1000 or 1200 feet, after which 
they often appear, as a whole, to descend more abruptly, Gentle as 
the slope may be, the differences of depth appear sufficient, as above 
stated, for the modification of life upon it, so that while some 
animals live near the coust, others keep fir out in the deeper 
water. While some portion may be enabled to live at varied 
depths, there exists a mass of life, the remains of which would be 
entombed far from shore in one case, and near it in the other, and 
not commingled, as in the case of steep coasts, and adjoining deep 
seas, A glance at the charts of a large portion of the castern side of 
the American continent will show how far separated, horizontally, 
such muses of remains may be. 

Let it, for illustration, be supposed that the following map 
(fig. 69) represents an extended line of coast, so that 1,1; 2,2; 
Fig. 69. 

Ta bedes ° 





Val des y 
and 3, 3, are parallels of latitude sufficiently distant ftom each 
other to render surface temperature different enough to be im- 
portant as regards marine life, Let 2’ be a line of coast extend- 
from north to south, and ff! the outer verge of about 100 
Bees sctiaciek noses exon tncen decks eg 
place at this depth into the area g g’; equal depths, or zones being 
by the lines aa’, bd, ce’, dd’, nde &. 
For still further illustration, we have supposed a large river (7) 
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deliver itself upon the coast, Upon such a subaqueous area, 
have the conditions for the entombment of the remains of 
life distributed over it in certain bands, coinciding with 
in lines with the coast, and with the power 
Raavataeich ce the detritus thrust forward by, or 
carried in mechanical suspension out of, the river, in addition to 
any sedimentary matter directly obtained from the coast. The 
effect of the river waters in rendering the shore water brackish 
would vary in depth, according to circumstances, the tendency 
of caren sa their relative specific gravity, being to float 
ubove the sea water, and not to be much mingled with the latter to 
any great amount of depth, though, upon the ebb tide, brackish 
water might be carried along shore if the tide took that course, 
Different states of the weather would modily the conditions for 
the mixture of fresh and sea waters, Thus during heavy on-shore 
gales of wind, and freshets in the rivers, as are often combined on 
the western portions of the British Islands, the conditions for 
mingling sea and river waters would be more favourable than 
during calm weather. 
Let us suppose the following section (fig. 70) to represent 
(though upon a very exaggerated scale) that of the map (fig. 69), 


Fig, 70, 
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ab being the sea-lovel, ¢, coast, d, ¢, fr g, different depthe of sta, 
and 4, the more sudden descent into deep water. Tn tidoless seas 
these various depths would remain undisturbed, except by 
movements arising from the waves produced by the winds above, 
unless, indeed, there be currents acting in such seas. Tn tidal seas 
the case would be so far different, that the level of the sea iteelf 
would be altered during every tide; on some coasts making « 
change of many feet. .With this change of level, any motion in 
the waters produced by waves above would also descend more or 
less deep, supposing equal wave action on the surface. In addition, 
the sweep of the tidal stream will extend to the depths it may, 
according to conditions, reach, and occasionally an ocean current 
may range sufliciently near a coast toact on the bottom, the shores 
of ocean islands sometimes offering conditions for the latter. We 
haye now to consider that while the shells of molluscs would often 


- 
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remain in the mud, silt, or sand which the animals may frequent, 

‘into them to various depths, according to their habits, 
‘80 that such remains are preserved after their death in the position 
usually occupied by the molluses, numerous other shells remain on 
the surface to be acted upon in the manner of any inorganic 
substance, 

That shells are so scattered about, multitudes brought up by 
the arming of the sounding-lead abundantly attest. Moreover, 
collections of certain species are found to mark particular portions 
of soundings off given coasts. Thus off the shores of the British 
Islands, charts give localities as marked by Hake's teeth, as they 
are termed ; commonly nothing else than a multitude of the shells 
of Dentalium scattered over particular areas. Other collections of 
shells are equally well known. While these shells, scattered over 
the sea bottom, are often either the entire hard parts of univalves, 
or single and uninjured valves of the bivalves, at other times they 
are crushed or broken. Whether in the one state or the other, 
according to their specific gravities, volume, and form, they will be 
acted upon by streams of tide, by ocean currents sweeping within 
sufficient depths, or by surface wind-wave action transmitted to the 
bottom. With respect to specific gravities, though there is appa- 
rently much variation in this respect, the floating molluscs being, 
some of them at least, provided with shells of comparatively minor 
specific gravity, the range seems something between 2°67 and 
2°85*. With equal forms and volumes, fragments or rounded 
grains of @ great proportion of marine shells would apparently be 

ly heavier than grains of quartz and rock crystal (2°63 
—2-65), of common felspar (2 53—2-60), of albite (2-61—2-68), 








* The author obtained the following specific gravities of » few marine shells some 
years since. —Researches in Theoretical sewer AES 
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‘The forms of shells or their fragments, except they have been 
ground down to rounded grains by breaker action on beaches, com- 
monly agree little with those of the sedimentary matter among 
they lie superficially mixed. When, therefore, we have to 
any movement of water around whole shells or their fmg- 
their forms become important, as also the mode in which 


according as it might be placed with its apex or its base to the 
moving water, when acted upon, though we might expect that the 
moving water would soon turn such body, so that its apex would 
be presented to the line of action, With the valve of a bivalve, 
its hold on a bottom of sand or silt would be very different, 
whether it were turned with the margin of the valve downwards, 
or merely rested upon some part of its bombed surface. How far 


senting forms Leap caved; abe con Gifienis o teckegeaee 
medium of the specific gravity of 1-027—1"028, 

Referring to the plan and section above given (figs. 69 and 70), 
the observer will have to distinguish between the remains of those 
molluscs which may die amid the mud, silt, or sand, and so have 
their harder parts preserved in the situations where they live, and 
the remains on the surface of the sea bottom. How far these may 
retain their positions relatively to the zmes of depth suited to 
their ‘mi:mals, will depend upon the circumstances above noticed. 
Looking at the subject generally, they would be liable to be moved at 
the depth at which surfaco-wave action could reach, and therefore 
to be moved shorewards in shallow waters; so that the remains 
of molluses accumulated near the coast in the zones 6 a 1, b' a’ I 
(fig. 69), varying in the depths 4 d,d e (fig 70), would, at the proper 
depths, have surface-wave action added to tidal streams able to trans- 
port the shells or their fragments, tending to move them on-shore 
In the outer zone e f (fig 69), and at the depths fg (fig. 70), the 
effects of the tidal movement may not only be little felt, but abso 
any action upon the bottom from surface-waters be ingy 
Still further out, in the deep waters g (fig. 69), or h (fig. 70), 
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there may be no movement sufficient to preduce transport of loose 
matters on the bottom. ‘There might, therefore, be movements in the 
water considerable mixtures of the remains of mollusos 


extending 
their fragments upon the shore, from depths depending upon 
‘various local modifications of the causes of transport above noticed. 

On many exposed ocean-coasts we have even the accumulation 
of sindy Peiaal, pease for the most part, of fragments of 
molluse shells ground down to sand, these cast on shore and dealt 
with by winds in the manner of common sand. The westem 
coasts of Ireland, Scotland, and of part of England, afford many 
examples of this fact.* 

‘The induration of sands formed of comminuted shells has been 
previowly mentioned (p. 62), and, as may be expected, such 
indurated sands occasionally include remarkable mixtures of 
organic remains. ‘The rock in which the human bones were dis- 


shells alzo, including the Bulimua guadaloupensis (Ferasec), are 
preserved in it. Tecth of the caiman, with stone hatchcts and 
other remains of human art, are mentioned as having been found 
in this consolidated eand. 





Han tig erty of taking this sand for manure, was sentria ty 
Henry 1i1, (Lysons, “ Mag. Brit,," Cornwall, p. colli, who eites Rot, Chart 4 

Hen. It.) Carew Semciices the was cove tm ob eorroy metomewal 1602), ond its 
largoly employed for agricultural purposes to the present day. Mr. tala, 
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pushing action of the small wash of the sea driving the larger shells 
and their fragments before it into convenient localities, there 
accumulating in a mass those which may have been distributed by 
breaker action along a line of coast, while at others he will find 
the shells jammed in amid the joints and crevices of rocks so 
firmly that they become difficult to remove. 


CHAPTER X. 


CORAL REEVS AND ISLANDS, —DISTRISUTION OF CORAL ANIMATS.——CHEMICAL 
COMPOSITION OF CORAIS.—KEELING ATOLL.—¥ORM OF CORAL ISLANDS — 
BARRIER RERFS.—LAGOON 1SLADS,—ISLE OF BOURNON, 


Great as the accumulations of the harder remains of molluses may 
be in the sea or on its shores (and regarding the amount of matter, 
chiefly calcareous, abstracted from the sea or contained in their food 
the volume of these harder remains added annually to common 
detrital and chemical deposits must be very considerable), the 
coril accumulations of tropical regions tus with the most 
Eating sAioas, ky wense of eximal Hl, to the slams depostis 
now in They have for many years attracted the atten- 
tion of navigators and naturalists, so that much information has 
‘been obtained respecting them." 

With regard to the distribution of corals, Mr. Dana states, that 
the Astraacea, Madreporacea, and Gemmiporide among the 
Caryophyllacea, are, with few exceptions, confined to the coral- 
reef seas, a region included between the parellels of 28° north and 
south of the equator, 7 these corals forming the principal portion of 
the reefs, and being confined to depths within 120 feet from 





* We would moro all attention to the Inbours of Mr. Derwin, who has 
ot only been peraovelly enraged inthe investigation of coral refs and. lands, but 


+ Locally, coral roets are found further north and south than 28°, ‘They extendin 
| aa or Racers adr aad the greatest distance from the equator, as 
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dépth of 1620 to 1800 feet off Victoria Land. Mr. Charles Stokes 
notices a species of Primnoa (lepadifera), 98 found from 900 to 
1800 feet off the coast of Norway; and Professor E, Forbes a 
species of the sume genus from adepth of 1668 feet off Staten 
Tand.* As respects the range of corals, Mr, Dana observes that 

“ Caryophyllide extend from the equator to the frigid zone, and 
some species occur at the depth of 200 fathoms or more. The 
Aleyonaria have an equally wide range with the Caryophyllide 
and probably reach still higher towards the poles. ‘The Hydreidea 
Tange from the equator to the polar regions, but are most abundant 
‘in the waters of the temperate zone.”"t Regarding the distribution 
of species, Mr. Dana states, that of 306 species, 27 only are com- 
mon to the Kast Indies and Pacific Ocean, while only one species, 
and that with doubt (Meandrina labyrinthiea), is considered to be 
common to the East and West Indies.t 

Mr. Darwin remarks on the entire absence of coral reefs in 
certain large areas in the tropical seas. No coral reefs have been 
found on the west coast of South America, south of the equator, 
or round the Galapagos Islands; neither have any been yet noticed 
‘on the west coast of America, north of the equator. In the central 
parts of the Pacific there are islands free from coril reefs, and 
there do not appear to be any coral reels on the west coast of 
Africa, or round the islands of the Gulf of Guinea. St. Helena, 
the Cape Verde Islands, St. Paul’s, and Fernando Noronha are also 
without much roole.§ 

Regarding the occurrence of corals as a whole, we thus 
see that they may be more or less strewed over a very large 
submarine area, one extending from the polar to the equatorial 
regions, some of them keeping to small depths within a porti 
of the general area comprised between the parallels of 28° north 
and south of the equator, and even rising to the surface of the 
sea in certain parts of that minor area. However great occa 
sional accumulations of their harder parts may be, under favourable 
conditions elsewhere, concealed beneath the ocean waters, we have 





* Sir Jamos Ross, “ Voyage to the Antarctic Regions.” 

+ “Structure and Classification of Zoophytes.” 

1 Referring to the causes of distribution and original sites, or contres of distri« 
ution, Mr. Dana observes; There is sufficient evidence that such centres of 
istribation, wx “pocagngehpranal ary to be recognized, ‘The species of eorala 
In tho West Indies are, in many respects, peculiar, and not one can with certainty 
Do identised with any of tho Kast Indies. The central parts of the Lacitlc Ocesm 
appear to be almost ax peoutiar in the corals they afford. But few from the Foejous 
have been found to be identteal with thowo ofthe Indian Ocean."—" Structure and 
‘Classification of Zoophytes,”” 

§ Darwin,  Stracture and Distribution of Coral Roofs," pp. Gl, 62. 
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in the masses of dead and living corals which constitute islands and 
reef, enough to show the geological importance of these animals, 
which thus, from their food and the surrounding waters, secrete a 
mass of matter constituting rocks, so acted upon, under fitting con- 
dition, by the breakers and by atmospheric and chemical influences, 
that dry land rises sufficiently above the sea to support terrestrial 


STILL Gs caolying tha loa sby eased thal A RAT 
increasing the amount of coral life in localities where it previously 
existed, or for the formation of new colonies, Under all such 
circumstances, if there be no cause producing a removal of the 
harder parts of the corals after the death of the polyps which 
secreted them, they will accumulate. Portions of the harder parts 
would appear to be destroyed by the animals which feed upon or 
‘bury themselves among the corals while living, others are broken 
of by the action of the sea, and some would appear to be taken up 
in solution, In the first case, the portion not required for the 
harder parts of the animals feeding upon the corals appears to be 
thrown down with their fieces amid the coral refs; in the second, 
the fragments torn off by the breakers are distributed, like any 
. 7 = 

Dane, # Btrscture and Clasfcation of Zoophyts,” p. 8 Spedking of sho 





53) 

Mowpoeting the foot sceretions, he remarks:—" The foot seerotions appear to be 
entirely sealentof the nay scortlons. ‘The fermer ure oft homy when the 
latter are ‘and when they occur together they coustitute layers, 
ono enveloping to other. ‘The united polyps of a branch have their mouts opening 





living 
hharder: parta, appears to be deposited amid the matter’ of the reefs, 
tending to bind them together, and adding to their solidity. 

From the chemical researches of Mr. B, Silliman, who analysed 
numerous specimens of calcareous corals sent him by Mr. Dana, it 
would appear that, after the animal matter had been sepamted, 
carbonate of lime formed from 97 to 99 per cent, of the inorganic 
matter which remained ; 1 to 3 per cent, being composed of silica, 


magnesium, phospha\ magnesia, 
alumina, and iron.* The animal matter varied from 2:11 to 943 
eae From many analyses of corals made at the Museum of 
, London, carbonate of lime was found to range 
from 82 to 95-9 per ceut., carbonate of magnesia from a mere 
trace to 7-24 per cent., sulphate of lime from a trace to 2°76 per 
cent., and organic matter from 3 to 8°27 per cent. Silica, alumina, 
iron, phosphates, and fluorides were also obtained as in the 
analyzes of Mr, Silliman. As a mass, therefore, we may regard 
the hard matter secreted by the coral polyps of a reef as chiefly 
formed of carbonate of lime, mingled with animal matter, of 
occasionally a notable quantity of carbonate of magnesia, with a 
minor per centage of other substances, among which are found 
fluorine and phosphoric acid. 

‘The young of the reefmaking coral polyps attaching themselves 
where the needful conditions obtain,t and according to the habits 
and requirements of each species, it becomes important to learn 
how far these may differ, and yet cach species aid in building up 
the general mass of a reef. Mr. Darwin's detailed description of 
Keeling, or Cocos atoll, situated in the Indian Ocean in lat. 
12° 5'S., affords a valuable view of the manner in which the 


outwards on every side, while the basox are directed inward towants a common 
central, or axial line, ‘Tho simultancons sccretions of the bases, therefore, must 
necessarily produce « solid axis to the branch,” p. 54. 

* Dans, “ Structaro and Classification of Zoophytes,” pp. 124—191. 

t Respecting the needful conditions for the establishment and distribution of reof- 
making corals, Mr. Couthouy (Boston Journal of Natural History, vol.iv., 1862, and 
American Journal of Scionoe, vol. xiviin 1844.) and Mx, Dana (American “Journal of 
Science, vol. xIv, 1843), independently of the views of each other, refer to the 
temperature of the sea mthor than to its depth, as limiting the mnge of the reef 
making ¢orals, and attribute the absence of coral reefs in the inter-tropical and eastern 
Portivns of the Ailautic and Pacific to the influence of the cool and extma-tropical 
currunts which there set in, Mr, Dann limits the distribution of the reof-forming 
corals toa tomperaturo of, and above, 60° Fahr.; and Mr. Coathouy considers that 
‘they thrive best in water, at a temperature of between 76° and 80° Fahr, 
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‘various corals forming a reef’ in those seas are adjusted. Having, 
under favourable cireumstances, reached the outer edge of the reef, 
where the coral was alive, he found that it was almost entirely com- 
posed of living porites, forming great irregular rounded masses 
fiom four to cight feet broad, and little less in thickness, On the 
shel: inalibaneeemnaray mr over which the sea broke 


with some viclence, the cells were dead, but 
~ ear Gersopped dapat hg Tn consequence 
of the check given to their growth upwards, the corals extended 


laterally. Further outwards the porites were all seen to be alive. 
Next in importance is the Millepora complanata, growing in thick 
vertical plates, and forming a strong honeycomb mass, generally of 


these plates, and in the crevices of the reef, a multitude of 
zoophytes and other productions flourish, pr arereretiee eee 


Gu depth of 00.58 70 foe The arming of the sounding lead 
eee eee these depths, 
and there was an impression of an ustres, apparently alive, 
Examining the frgments thrown on shore by the breakers, the 
porites und « mudrepore, upparently Mf. evrymbosa, were the most 
common ; and as this coril was not found alive in the hollows of 
the reef, Mr. Darwin concludes that it must occur abundantly in a 
submerged zone outside, Between the depth of 72 and 120 feet 
the arming of the lead came up an equal number of times marked 
by sand and coral. Beneath 120 fect sand was obtained. After 
the depth of 150 fect the outward sides of the reef plunged, at an 
angle of 45°, into the vca, the depth of which was not found at 
2200 yard from the breakers, with a line of 7200 fect in length.* 
Close within the outer margin of the reef, where the coral life 
ceases, three species of nullipora flourish, either separately or 
mingled together, forming by their successive growth a layer two 
or three feet in thickness, of a reddish colour, This layer fringes 
the reef for sbout 20 yards in width, constituting a continuous 





* Darwin, “Structure and Distribution of Coral Reefs," pp. 6—S " Out of 25 
soundings,” observes Mr, Darwin, “taken at a greater depth than 20 fathoms, every 
one showed that the bottom wax covered with sand; whereas, at a less depth than 
Paeisiete ary stetiling showed (bet le waa exsoelingty sagyed, sn se fim at 

Two 


with a line of 7209 fort in lougth; hence the submarine slope ef this coral formation 
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smooth convex surface, when the corals are united into a solid 
margin, and forming a protecting breakwater,* 

‘The form of this atoll will be seen by the subjoined plan, 
(Gig. 71.)+ The reef is broken by two open spaces, through 
Fig. tt 






one of which ships can enter; it varies from 250 to 500 yards in 
breadth, with a level surface, or one very «lightly inclined towards 
the interior lagoon, and at high tide the sea breaks entirely over 


in stocper than that of any volcanic cone. Off the mouth of the lagoon, and lkewlse 
off the northern point of the atoll, where the currents act violently, the Inclination, 
owing to the accumulation of sediment, is less. As the arming of the sounding-lrad 
from all the greater depths showed a smooth sandy bottom, T at first concluded 
that the whole consisted of a vast conieal pilo of calcareous sand; hut the sudden 
incroase of depth at some points, and the circumstance of the line having been cut, ax 
if rubbed, when between 500 and 000 fathoms were out, Indicate the probable exist 
ence of submarine cliff,” pp. 8—9. 

* “These nulliporm,” observes Mr. Darwin, “although able to exist above the 
‘limit of true corals, seem to require to be bathed during Uie greater part of esoh 
tlie hy breaking water, for they aro not found in any abundance in the protected 
hollows on the back part of the reef, where they might be immersed, elther daring 
the whole or an equal proportional time of each tide, itis remarkable that onganie 
woduotions of such extreme simplicity, for the nulliporw undoubledly belong te one 
Of the lowest classes of the regetablo kingdom, should be limited to a zone to peeus 
Harly cireumstanced,” p. 9. 

+ An interesting solection of plans of coral ree(s, olther eurrounding mountainous 

or forming atolls or lagoon islands, among which that of Cocos ar Keeling 
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those parts which do not rise into islets on its surface. Pocillopora 


smooth floor is formed, uncovered only at low water, and strewed 
with a few fmgments tom off during heavy gales, The islets 
which are formed by an accumulation of fragments, about 200 or 
300 yards from the outer edge of the reef, vary in Jength from a 
few yards to several miles, with an ordinary breadth of less than a 
ofa mile, On the windward side of the atoll the increase 
of the islets is by the addition of fagments thrown on their outer 
sides by the breakers, the highest part thus formed rising from six 
to ten feet above ordinary high-water mark, and upon this there 
be hillocks of blown sand, some of which rise to an elevation 
of 30 feet. On the leeward side of the atoll, from the sweep of 
the wind across the lagoon, the little breakers thus formed cast up 
sand and fragments of thinly-branched coral from the lagoon on 
the inner sides of the islets in that part of the atoll, thus adding to 
them inwards. These islands are lower than those to windward, 
though broader. ‘The fragments beneath the surface are cemented 
into a solid mass, #0 a8 to form a lodge from two to four feet hi 


coral passes gradually into spathcse limestone.* 
‘The lagoon within is necessarily a sheltered situation, and is 
Island is one, will bo found in Plotes | and 2 of Mr. Darwin's work on the Structure 





gales of unusual violonce, swept togothor on tha bench, whoro tho waves each day at 
fimgments 


‘and ro-ecmented;; oF it consists of a serve neni om 
of rounde! particles, generally almost blended together, of shells, corals, the spins 
‘of echin{, and other such organic bodies,” ‘The structure of the coral in the eongto- 
imerate has generally boon much eae ie st rpaiiont elcineon, 


i 


size. About half the area consists of sediment, including mud, 


lagoon through the channels, and the latter also carry out the 
water thrown over the reefs by the breakers, 
‘Thirty-two coral islands in the Pacific Ocean were examined by 
Captain Beechey;$ they were of various shapes, and 29 had 
in their centres, The dry coral forming islets on the reefs 
is rarely elevated more than two feet above the sea when divested 
of any sandy materials heaped upon it, and but for the abrupt 
character of the outer margin would be inundated by the breakers, 
Captain Beechey found in the islands seen by him no instance in 
altered coral and spathove limestone. Many even of the blocks of coral lying loose 
‘on the beach had thoir central parts altered and infiltrated.” Darwin, “Structure of 





inwards, “ Narrative of the Voyage of the * Fly,’ 1847." 

#4 Meandrina, however, lives in the Ingoon, and great rounded masses of this coral 
fare numerous, lying quite oF almost loose on the bottom, ‘The other commeneat 
kinds consist of three closely-allied species of true Madrepora in thin branches: of 
Serintopora subulata ; two species of Porites, with cylindrical branches, one of which 
forms circular clumps, with the exterior branches only alive; and, lastly, 6 coral, 
something liko an Explaoaria, but with stare on both surfhoos, growing in tht, 
brittle, stony, folisceous expansions, especially in the decper basins of the 
“Pho reofe on Which these corals grow are very irregular in form, are full of 
and have not » solid flat surface of dead rock, like that surrounding the Jago ; 
‘nor can they be nearly so hard, for the inhabitants made with crowbars a channel 
of considerable length through these reefs, in whieh a schooner, built on the south: 
ast islet, wus floated out, It in a vary interesting circumstance, poiuted out te us by 
‘Mr. Letak, that this channel, although made less than tea years before our visit, war 
then, as we saw, almost choked up with living coral, so that fresh excavations would 
ho absolutely necessary to allow another veael to pase through it"— Darwin, 
Structure,” &e,. p. 13, 

+ Darwin, “ Structure of Coral Keofe,” p. 14. 

3.“ Narrative of » Voyage to the Pacific and Bobring’s Straits, £e., tm the reo 
1825, 26, 27, and 28." London, 1831. ! 
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which the strip of dead coral exceeded half-mile from the usual 
wash of the sea to the internal lagoon, In general it was only 300 
or 400 yards, ‘Beyond these limits, on the lagoon side in par- 
ticular, when the coral was less mutilated by the waves, there was 
frequently a ledge, two or three feet under water at high tide, 30 
100 ga in ith aftr which the ies oft nade 


fathoms.”* The windward sides of the reefs and islets upon 
them ore higher than the others, the islets not unfrequently well 
wooded, while, on the opposite sides, the reefs are “half drowned ” 
or wholly under water, ‘The breaks or entrances into the lagoons 
generally occur on the leeward side, though they are sometimes 
found in a side that runs in the direction of the wind, us at Bow 
Island. The points or angles of the islands were found to descend 
fess abruptly than the sides. The vary in depth, from 20 
to 28 fathoms being found in those which were entered, though 
the appearance of the water in others would lead to the inference 
that they were very shallow. The accompanying figures are the 
sections given by Captain Beechey as affording a general view of 
these coral islinds. Fig. 72 is a section across one about five 
miles wide; aa being dry islets on the reef; bd, lagoon; and ¢ ¢, 
open ocean ; and fig. 73 9 goction across an islet and part of a 
lagoon, with the slope towards the sea, AB being the habitable 
part of the island; a}, water line; ah, general descent seawards 
towards the points; ai, general descent at the points; CC, part 
of the lagoon ; DD, coral knolls in the lagoon ; Z, the ocean ; s25, 
lings on coral.t 
While the coral reefs above mentioned exhibit no traces of rocks 


* “ Narrative of a Voyage wo the Pacitic and ehring’s Sraits, &e, in the yours 
1825, 98, 97, and 98." Vol, 4, p. 256. London, 1831. 

UN el Phelan, ee More ee a eae 
pandanus and pemphis grow in the sheltered parts of the plain between the ridges ; 
Bee eet ae ems br: he noe od Dea a, 
which rises into # tall spreading tres, accompanied by the suriana and 
snider the shelter of which the achyranthus and lepidinm thrive best. Beyond the 
first ridge the semvola flourishes. * Beechey's Voyage," vol. f-, p, 208, At Ducie’s 
Island the trees aro stated Wo rise 14 fect, making, with the island, 12 feet sbove the 
son, 26 font from its level. thi. vol. i, p. 99. 

ue eral ers ire eal) vein of Masi oo Bey Lleol ins 
of tho others. ‘The windward side of the former “is covered hy tall trees, while that 
pep Layers inte chal ‘The ry part of the sain exclouing th lagoon 
is about a aixth of a mile in width, but varies considerably in Ite dimensions; the 
Droad parts are furnished with low mounds of sand, which have been raised by the 
SAcuee REND aia ebace ait Gel of tele veach, se wioelly cavered by Vegetation, 








‘The violence of the waves upon the shore, except at low water, forces the son into the 

Anke at many points, and oocaslous « constant outset through the channel to leeward. 

“On oth sides of the chain the coral descends rapidly ; on tho outer part there ix 

from 6 to 10 fathoms, close to the breakers; the next onst ix 30 to 40; and, at a little 
Jngoon wide there are | 


distance, there Is no botiom with 250 fathoms, On the are two 
ledges; the first ix covered by about throe foot at high-water: mt ite edge the load 
descends three fathoms to the next ledge, which is about 40 yarda in width; it then 
alopes to about 5 fethoms at its + and agai perpendicularly to 10; 
after which there f4 « gradual desoont to 2) fathoms, whioh isthe genoral depth 

centre of the lagoon, ‘Tho lnke is dotted with knotls or columns of corals, which 
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dangerous 
Saree eeaunos OF ‘tho overfalle frotn the lagoon, especially a little after the 


Abn bottom of ihe lagoon te in arc areas Searle eae 
strewed coral knolls, parts of wi oN verhang: lower, though 
do oll oca lee inthis form from from 

few beneath the surface, though there are eamo: at the edge of such as 


ved there is usually six or seven fathoms of water; from it, the lend 
ual Muscante to tha ners) eu of ubeat a) tenes ras eagh in 
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similar to the large one just described." Voynge,” fe,, vol. 4 Ps 245, 240. 
Mr. Beote Jukes (‘ Narrative of the Voyage of tho * Fly’ to Torres Straits, So., 
lowing description kind 
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touch the land in some places, they sre removed from it in 
others; and many present the appearance of the lagoon islands— 
land cither in one mass or in several masses rising through the 
interior lagoon. Mr. Darwin has classed these various modes of 
occurrence into atolls, or lagoon islands, barrier reefs, and fringing 
or shore reefs.” 

The following map (fig. 74) of the Gambier’s group,f may 
be taken in illustration of the barrier reefs, and as also showing 


Fig. 74, 





coral reefis fringing the contained islands. All the interior islands 
are steep and rugged, Mount Duff, on the largest, rising to the 
height of 1248 feet, and they would appear to be of igneous 
origin.{ The outside reef on the north-cast, the windward side, 





* We would rofor to Mr. Darwin's work, “Structure and Distribution of Coral 
Keofs,” for grest detail respocting the ditterent kinds of ri 
t Reduced from that given by Captain Boechy, * Veyage to the Pacific and 
Bebring’s Strait,” vol i 
{They are described a compored of porous basaltic Inva, sometimes passing 
into tafiesous slate, at others into « columnar basalt, Dikeo cutting the mass wore 
observed, 
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hus portions raised above the sea, bearing trees and other plants, 
while in the opposite direction it dips 30 ar 40 feet beneath the 
sex, The outer sides plunge, as usual, into deep water, while the 
inner descend gradually to 120 or 150 feet. Patches of coral are 
scattered over the ligoon, and adhere as fringing reefs to the steep 
islands rising out of it, On the larger island the coral reef ren- 
oe. 
‘The annexed (fe. te 70 A Ado oh Main 
aie those coral islands which have 
a general reef’ surrounding a ial Here a number of reefs form 
an outer line, and the interior is occupied by a number of others, 
Many of these are ring-formed, so that the general group reminds 
us of minor atolls, rising above an area of a tabular character, 
round the sides plunge rapidly into deep water. The com- 
mon depth between these reefs and islets, some above the 
level of the sea, varies from 150 to 200 fect, and in the basins of 
the ting-form detached reefs fiom 24 to 60 feet. According to 
, the central and deepest of the in 
Mn tack bitrate donk atti, 
and of hard sind-banks, sandstone, conglomerate, rubble, and a 
little live coral in the channels of the reeft The other lange 
islands, or rather groups of islets and xeefsy of the Maldives, present 
the same general characters, while the smaller, one of which 
poe pee ylang in the following page (fig. 75, a), offers the 
‘From the observations of Mr. Darwin on part of the coral reefa 
of the Mauritius, it would appear that the edge of the reef is 
formed of ; tmassos of branching madrepores, chiefly M. corym- 
bose and M. pooillifera, mingled with » few other kinds of coral, 
To the depth of 48 feet, the coral ground appeared free from sand ; 
but from that depth to 90 feet a little calcareous sand was brought 
up by the arming of the sounding-lead ; more frequently, however, 
it came up clean. The two madrepores above mentioned, and 
two species of astra, with large stars, seemed the commonest corals 
for the whole of this depth. Some fmgments of Millepora alci- 
cornis were brought up, and in the deeper parts were large beds 
of a seriatopom, allied to, but differing from, 8. subulata. From 
Sa ae er ere aren Ur Covina, Necatayi tat Eiestetarn 
witty Copa Meet ai Dri, evra ci mcencien 


complasnates 
kinds of corals on the outer margin of reefs of the Maldives, Ibid. p, 35. 
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Fig, 25. 


(eux. 





sand, or strewed with seriatopora. Peas 12) so108 ek Wes 
soundings showed a sandy bottom, with one exception, at 180 
feet, when the arming came up as if cut by the margin of « large 
caryophyllia. On the beach, the rolled fragments consisted chiefly 


‘The Isle of Bourbon is also eurrounded by coral reefs, only 
broken through at the embouchures of the rivers, and opposite the 
chief ravines. M. Sisu, who had excellent opportunities of observ- 
ing these reefs in 1839 and 1840, has stated} that the channels 
or passages through the reefs are kept open by the streams of fresh 
water passing outwards through them, and that they would be 
otherwise soon filled up. As it is, they are considered to have 
decreased in size, in censequence of a diminished quantity of rain 
having, of late years, fallen upon the Isle of Bourbon. These 
channels being, as usual in such situations, the passages to road- 
steads behind the reefs, their condition is a constant subject of 
attention, and, as illustrative of the quick growth of certain at 
least of the reefmaking corals of that locality, M. Siau mentions 


* Darwin, “ Structure of Coral Roots.” + Darwin, Mid. 

t Comptes Rendues, tom, xil., 1841. 

9M. Siu the labours of the cor! polyps ure as varied as the 
species (and thou are the most widely mproud) establish Ivex by 


reef-making corals of this island, showing the establishment of 
a series of coral bosses upon each other, with the admixture 
of coral sand, and shingle, in the interstices between them, up to 


‘The same anthor remarks upon the depths by the waves, and infers 


this 
upon the prey which may pass them, i equally important, 


CHAPTER XL 


GREAT HARRIER REEF OF AUSTRALIA,—CORAL RKKES OF THE RED SEA— 
COSDITIONS FOR THE OCCURRENCE OF CONAL REEPS—INFLUENCK OF 
VOLCANIC ACTION ON CORAL KEKFS.—COMPOSITION OF CORAL-REEF AC- 
CUMULATIONS,—INFLUENCE OF CHANGES IN THE LEVEL OF SEA AND 
‘LAND.—REEPS NEAE BERMUDA, 


Tux Great Barrier Reef, extending off the east coast of Australia 
for about 1100 miles, with a mean breadth of about 30 miles, from 
Breaksea Spit, in lat. 24° 30'S., and long. 153° 20’ E, to Bris- 
tow Island in lat. 9° 15' S., and long. 143° 20’ E. off the coast of 
Berar Peceons ax eres of sioas 32,000 Fina eee ae 
covered with organic, mechanical, and chemical accumulations 
Tesulting from the secretions of the coral polyps This great mass 


The survey of Torres Straits, betwoon Australia and New 
Guinea, by Captain Blackwood, has added materially to our know- 
lodge of the Great Barrier Reef, and Mr. Beete Jukes, naturalist to 
the expedition, has afforded us very valuable information n 
it. He divides the coral accumulation into—Ist, linear reefis, 
forming the outer edge, or actual barrier; 2nd, detached reefs, 
lying outside the barrier ; and 3rd, inner reefs, or those which lie 
the shore. With respect to the lincar 
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* © Narrative of the Surveying Voyage of IMS. ‘Ply’ commanded by 
Blackwood; HLM. tn Torre Sait, New Gunes a.” By J- Docte Tukey MATa, 


Mr. Becte Jukes observes, that up to about lat, 21° 104 at 
Swain’s Reefs, it can scarcely be sid that any true barrier exists, 
there being merely « bank of soundings off the shore, “ with large 
masses of coral reef settled upon it, and within its outer boundary, 
—almost equally large clear spaces intervening between the dif 
ferent groups of reefs. In Swain’s Recfi, the individual reefs on 
the outer edge of the group can scarcely be distinguished in form 
from those inside them, although they may haye a little more 
linear shape, and their greatest length runs more invariably along 
the line of the boundary of the group. It is only at their northem 

extremity that they assume one of the characteristics of a true 
barrier, that of rising like a wall from a deep and almost futhomileas 


* Becto Jukes, “Surveying Voyage ofthe *Fly,"" vol. i, pp. 317-18, Mr, Beeto 
Jukes gives a detailed account a range of coral ncoumulations from Birewksca 
Geib rol 5, vp. 318-SRR).- Ronpocting Ge mast southern portion, i fs sisted 

‘rom Bandy Cape CAustzlla), t sandy shoal runs out, partially oor sorared by coal a 
At proceeds outwards. It ly formed of silicvous sand, with 10 or 20 fathoms af 
‘upon it, sloping to 30 fathoms, after which it plunges into deep water. ‘Atthe Capri 
corn Group, about ‘miles more northward, all—even the «mallest grains of wand was 
und 30 it seemed to continue to the vedimentary matter brought down by 
the New Guinea rivers, eastward of Torres Strait, 

“ North of the parallel of 24° 10', thero Is an open space of sea, in which no reefie 
veut, about 30 miles wide from north to south; and the bank of soundings insteat 
of beinga steep, welllefinod edge, slopes ont vory gradually far to the eastward. 
‘The flat of about 20 fathoms, extonds ont as usual from the mainland for about 90 or 
40 miles, and then gradually decpens, till 70, 80,90, and 100 fathoms are 
attained, 20 or 10 miles enstward of the boundary of the lino of soundings, ast extats 
tothe southward, ‘The character of the bottom likewise changes from s course coral 
to the Ohest possible mud, of & light olive-green colour, in which the lead often 
wholly buried itself on reaching the bottom. This, when drial, was alo entirely 
caleareour, and wholly soluble in muriatic ncid,"—Ihid. woh i, p. 320, 
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vea.’”* To the northward icaeaegos yr cite eh 
the detached reefs occur opposite Cape Grenville is a great 
the barrier, with very deep water, « how of 1710 fost koving fed 
to strike the bottom on its southern side, four miles inside the 
reefs forming the bay. Near this bay Yules’ Detuched Reef rises 
pean a cde lesa res tei 
ce iat dard apm men marioesaer 
northward 2 a depth, a 
with 180 feet of water in it. cies hepermenpchg 
Raine’s Islet isalso another detached reef rising with steep sides (in 
‘one place atanangle of 55°) from deep water. Bottom was found ut 
960 fect one mile north of the islet, and at 1080 feet two miles 
and a half north-east of it, On the southern side, bottom was not 
found until close to the breakers of the Great Barrier Reef, when 
fine coral sand was brought up from 1050 and 1200 feet.t Pandora's 
* “Between Swait’s tects and the mainland there is a space of 50 to 60 miles 
wide, clear of osfs, with a depth of 30 to 50 fathoms."—Beote Jukes, Surveying 
Voyage of the Fly," vol. 4. p.821. 
ie’ ni eri aont 100 yen ong ad 80 wi slog. nwo 


part more than 29 feet above high-water mark. “It is formed of a plateau of cal- 
which bos a little eliffall round, 4 er 6 feet high, outside of whlch 





island runs in about NNW. and 8.505, direotion. ase mean Soest ae 
that ik narrow on the leo side, but to windward, or towards the east, stretches out 

nearly two miles, "he sre ahora ily ya ow aero ies 
Stee sop Oren to = dts of 1200 300 chi”, * Melba severe ts 
low serubby vegetation,” nnd "the central part of the sland had a rich black soil 


ybably from Same 
Seas ne Leticing viebe, bal 39 a8 oDhee Delay, LIA nes cere 
‘a course coral sand, unconsolidated, and falling to pieces on being touched. In 


preserved, 
‘of Hime. Scmo drusy cavities wore also found in the stone, containing erystale of 
apr.” *Its from the fossil turtle eggs that the consolidation of the stone 
takon pice after itwas raised above the con It was doe, probably, ta the 


wares. 
water for a great length of timo,”—Beete Jukes, “+ V« a "vol. iy 
196-128, The whole surface of the istand was ‘but one 
‘a land-rall—sea birds, such as frigate birds, boobies, ee ke “On 


a 
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posses, Hema Nhe aire Niele ee 
ward of the deep bay, and the detached reefs, after which the 

reef’ is made up of long and closely-connected masses, with 


from 12 to 20 fathoms, the bottom being coarse sand (with many 
foraminifera and detached corals and corallines), gradually passing 
as we approach the land into finer sand and detritus, and from 
that into the finest possible mud, wholly calearcous and lying close 
to the shore," 

‘The outer barrier terminates at Anchor Key, in lat. 9° 20'S, 
and no coral reef is found further towards the coast of New Guinea, 
in this direction, except the Bramble Reef, described ax fringed 
round other rocks. ‘The ehart shows coral sand and fragments on the 
bottom in 38 fathoms, increasing to 54 fathoms, and stretching out 
50 miles to the eastward of the Bramble's Key, while all the soundings 
on the north, in front of a low coast, with a large discharge of fresh 
water from various channels in New Guinea, are of mud and sand. 
In front eastward of Flinders’ Entrance, Portlock’s reefs rise from 
a depth of 360 to 400 feet, 80 thatan the north, as‘on the south, 
as is observed by Mr. Beete Jukes, the corals rise from the ocean in 
shallow water as compared with the central portions. Between 
Cape York and the opposite coast of New Guinea, extensive reefs 
seem to prevail adjoining the latter, rising out of 30 to 70 feet of 
water, and a considerable reef connects Warrior Island with the 
mainland of New Guinea, All the central parts of Torres Strait, 





* Bocle Jukes, Voyage of the ‘Fly,’ yok p. 880s 
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from north to south, between Cape York and Turtle-Back Island, 

are remarkable for a nearly uniform bottom, 9 to 11 fathoms, 

formed of sand and mud. No coral reefs were found in this central 

band, except narrow fringing reefs round islands, formed of other 
\yries, granites, and quartz rocks,* 

Coral reefs are abundant in the Red Sea, fringmg the coasts 
toa great extent, Numerous localitios have been examined for a 
distance of about 200 miles by MM. Ehrenberg and i 
and 150 species of corals were observed. According to the former, 
theee reefs form shallow incrustations on the rocks of the coasts, 
from 3 to 12 feet beneath the surfice of the sea, often sloping out- 
wards ‘They do notalwaye adjain the coast, but often form narrow 





Soe Fuk, (° Voyage of the Fly)" val. Lp. 331) from hs experience among 
‘the great coral accumulations of Australia, has given the 


Seruvictthrreet ena amsng tens Meentors we soe looncase Socks, often: twe’ er 
loose upon 


three yards: somotimes lying 
Lo el tha reget gt eee repel etapa ‘some fastences 
‘corals matted 


eleowbere and consequently never seen alive (Mr. Beste Jukes saw an irregular block 
of Miwanctrins, of shape, 12 to 1 feet in diameter), or which greatly surpass 
heir teathren on cer parts of the roe in slaeand importance Hf we approach the lo 
oles of the nef ltbarby walking or in aboot, wo nd it covered with living earale 
Mandrina, Astrws, and Modropors, in about equal wbandance, all glowing 
‘with eich: colours, bristling with branches, or stulded with great knobs and blocks. 
When the edge of the reef is very steep, It has sometimes overhanging ledges, and is 
by ‘channels and dexp holes, into dark 
= ‘of living corals tratshoe ‘of kite od cam, Be ail 
groups white sand ean 
= ihe clear water to adepth of 40 or 00 feet beyoud which the water 
recovarnite ustial deep blue. A coral reef, therefore, Is a mass of brute matter 


Saly atone aura, and ceo ater sloes™—I vol, 
eS har le Nar wd dang der Coalon-hon de Rothen Moeres,’ 
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i do teas ap elgg Saree According to 
M. resulting 


tioned (p. 146), while some prefer, or are adjusted to particular 
bottoms, whether solid rock, sand or mud, at various depths, 
moderate or considerable, others are only to be found in shallow | 
water. Viewing the subject in this light, the corals living at the 
surface of the sca may be compared with littoral molluscs i 
situations peculiar to them, While some appear adjusted to the 
nearly constant movement of ocean breakers, others, even at small 
depths, require tranquil water ; so that at nearly equal depths the 
corals, forming the hard mass of the reef, or finding shelter amid 
its cavities, in the lee of lagoons, when there are such, divide 
themselves into two classes, 

Referring to the early and swimming state of the reef-making 
coral polyps, we may assume that, wherever fitting conditions pre- 
sented themselves, they could settle, adhere to « sufficiently hand 
substance, and commence the foundation of a reef. If we take 
coasts as they are variously presented to us, we find that, as regards 
depth, we may have the 120 or 180 feet, for the recl-making 
eoruls either close to the shore, or removed to various distances 

* Darwin (“ Structure and Distribution of Coral Reefs," p. 192), from information 
Communi to htm by Captain Moresby. 

Tt would be well earefully to examine the coral reefs, which have been une 


Moabtedly raised above the sea hy geological movements, for the species contataed 
in thoir lower parts. 
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(fig. 76), a @ be the surface of the sea round an island, 64 the 
Fig. 76. 
b 





level beneath that surface at which the swimming coral germs can 
cic thaciael vou anid bagi hike labeme,theavat'@ the eee wos 
be fringing and adjoining the coast ; while at d, a bank might be 
raised up, forming a barrier reef to the coast ¢ Such a bank once 
established, the space f, between the coast, ¢, and the barrier, d, 
becomes fitted for those corals which require the shelter afforded 
by the latter. Whether from being best adapted for procuring 
food, or az afforling conditions ill-suited to the coral-eating animals, 
the surface reef-making corals flourish in the surf of breakers, 90 
that they grow, as u mass, outwards, With respect to original 
bottom, if there be sufficient tranquillity at the depth of 120 feet 
from wind-wave uction, either directly produced on the spot by 
winds, or transmitted, as a ground or occan-swell, from a distance, 
there wppears no reaion why the corals found at that depth, in 
and other sheltered situations inside barrier reefs, should 
not live and die under such circumstances, besides other corals, not 
yet known. ‘These would form « bee on which the more shallow 
water and littoral corals, among them these able to msist the 
breaker-surf iteelf, would begin their work. So long as these keop 
at sufficient depths, the mechanical action of the breakers will little 
affect them, but aa they rise with the reef they gradually come 
within its influence, so that finally the coral masses are dealt with 
as the rocks of any other coast would be under similar conditions. 
While corals thus forming a coast, may be, to a certain extent, 
adjusted to the powers of ordinary breakers, any increase in the 
force of the breakers over the resisting powers of the corals would 
break off portions of the latter, so that, during heavy gales of wind, 
the resistance becoming very unequal to the force employed, large 
masses of the coral are torn off and hurled over the reef inwards. 
‘This can scarcely happen without minor portions being also thrown 
over, or broken off from the detached mass, and the general 


Bs 
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action such that fmgments of the coral muss fall outside the steep 

slope of the outward growth, a steep slope which we should expect 

to have been gradually formed as the coral reef rose within the 

mechanical action of the breakers, Let a6 (fig. 77) be the surface 
Pig 77. 





of the sea in calm weather (for the moment considered without 
reference to changes of level produced by tides), ¢ d, adepth at 
which reef-making corals can, other conditions being favourable, 
establish themselves, and ¢, ¢, the commencement of a reef, not 
raised so high as materially to feel any of the mechanical effects 
arising from any wave action, W,W,W, though every successive 
addition to the reef would bring it more and more within that 
influence. When, by vertical inerease in the coral mass, a breaker 
could be formed by sufficient proximity to the wave, W,W,W, 
abrasion would commence as the coral resistance became 
to the force employed, and the detritus would be scattered on each 
Las a probably, from the direction in which the force 
receiving the chief portion, while seme fell outwards 
eed. As the coral growth rose to the surface, under ordi- 
nary weather, the increase more than meeting the loss by abrasion, 
the interior would be filling up also by corals, some of which re- 
quired the shelter there afforded them, Outside, the breaker 
action would remove the smaller fragments in mechanical sus- 
pension, leaving the larger blocks, so that hollows amid the 
latter would got filled with a portion of the finer matter, the 
greater part of which would be carried out at the base of the reef, 
more or less ground into sand by the friction to which it may have 
been exposed. 
If we suppose the reef to have so risen that it touches the 
surface of the sea, the growth of the coral still increasing the mass 
beyond the power of the surf to break off portions of the reef, a 
time would come when, from the usual breaker action upon coasts 
previously mentioned, fragments of various sizes, with coral 
pebbles and sand, from continued friction of the fragments in the 








Cu. XL) CORAL RERPS AND ISLANDS. 


189 
surf, would be thrown up in a bank upon the reef, with sand 
added by the winds. ‘The decomposition of the animal matter in 


in the solution of the carbonate of lime of the coral polyps, it will 
be seen that circumstances may often arise for the obliteration of 


rounded pebbles which may have been formed in fitting. situations 
at ordinary times by the common force of the breakers. We should 


tide, 
gale of wind, have to be regarded. Assuming «, ¢ 
(fig. 78) to be the difference of the tide level, it will be obvious 


Fig: 74. 
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(p. 182), which after retaining a certain general depth, and pre- 
senting a rounded margin, plunges into deep water. 

Tt may now be desirable to consider the effects which would 
result, in the regions of coral reef, from volcanic action. We 
have seen that within our own times, volcanic action has brought 
ashes and cinders to, and above the sea level in the Mediterranean 
(p. 70) and in the Atlintic (p. 100), that the islands so produced 
have been temporary, and that very probably the incoherent 


of ashes and cinders beyond the influences of breakers and waver. 
If in the annexed diagram (fig. 79) wo consider a, 4, ¢, d, to 





a Z i Uh md 

be a section of a volcanic cone, the top of which was foreed during 
some eruption above the level of the sea, e, f, that this condition 
ceasing, breaker and wave action cut dawn the loose materials to 
the level y, h, one to which their influence could extend, even 


lagoon and the sea outside, and finally, terrestrial vegetation would 
establish itself upon a coral bank chiefly raised into the 

by the piling influence of the breakers upon the coral ridge. The 
forms of such islands would necessarily depend much on the hori- 
zontal section of the volcanic accumulation, when cut down by 
breaker and wave action, We should expect the submarine and 
steep flanks of the mass to be encrusted by coral sands and frag- 
ments in proportion to the time during which the reef-corals may 
have been increasing outwards in any particular locality, so that 


have been vomited out of volcanic vents, reaching to and beyond 
the sea-level, but molten rock also, the whole even attaining eon- 
siderable altitudes, such as the volcanic heights of Hawaii, and 
others of the Sandwich Islands, with deep water around them, it 
may not be undesirable to consider the conditions under which coral 
reels might be gathered around such volcanic masses. Let, in the 
annexed section (fig. 80) «, 4, ¢, represent the remains of a mixed 
seer pits noe) of aabes ink clndens oo BED, 

influences and breaker action, so that a portion of 
Tasdak, B, perhaps once molion matter inthe crater of voleano, 
stands above the level of the sea, while at g and f incoherent ashes 
and cinders are cut back by breaker action (as in fig.79) to this hard 
rock. We should now have conditions for the formation of reefs 
at f and g under the same circumstances as above noticed (fig. 79), 


cod CORAL REEFS AND ISLANDS. (Gu. Xt, 


a ee 
A er fag 








—=f 
© 


a 
with this difference, that instead of an uninterrupted lagoon in the 
interior of the coral reefs, there would be land emenging from it, so 
that these reefs would be encircling. In addition to the usual causes of 
keeping channels open, the islands, if of good size, might contribute 
fresh-water streams, at times charged with detrital matter, prevent- 
ing the increase of the coral reefs in the lines which they traversed, 
Tt would appear desirable, in the first instance, that an observer 
should direct his attention to the conditions under which coral 
reefs and islands could be formed, either as lagoon islands, reefs 
touching or encircling land composed of ordinary detrital or igneous 
rocks, or upon shoals and banks ranging in front of considerable 
lines of coast. It is not a little interesting further to consider the 
mode in which a general mass of coral matter would be composed, 
after a lapse of time sufficient to complete the filling up of lagoons, 
with or without the protrusion of dry land formed of ondi 
rocks through them, or the space between an outer lino of coral 
reefs and a considerable range of coast, such as that of a portion of 
Eastern Australia. 
As to the height to which corals may rise, Mr. Beete Jukes found 
coral polyps alive six or eight inches out of water, and so remain- 
ing for nearly an hour, until the return of the tide. He often 
observed the same fact, and believes that an exposure to the air 
and sun will not kill many of the polyps, so long as the coral 
remains in a position of growth, the cells retaining their moisture. 
He has seen blocks of living astreea, the tops of which were 18 
inches above water. This shows that we may take the ordinary 
tide level for that to which the reef-making coral polyps can work 
under favourable conditions ; and that there may be a mass of 
matter coinciding with the line of a main reef round a lagoon-en- 
circling island, or in front of a long range of coast, which may, 
from the top to the other substances on which the reef reposes, 
be chiefly formed by the growth of corals upon ench’ otbery 
occasionally mixed with the hard remains of marine animale in- 
habiting the cavities amid the corals, and with detrital portions 
driven in amid the hollows of the rising mass, 










of general similar character would be, to @ certain extent, str- 


far constitute a kind of connexion, enveloping uneven and sub- 
marine ground, between the coral plateoux. 

In the case of the reefs, more or lew encircling islande of varied 
magnitudes, and composed of ordinary ecdimentary and igneous 
rocks, there would be a modification of the deposits inside the reefs, 
Pals i i en mineml matter from atmospheric 
influences and ordinary detritus from such lands would be con- 
cerned. The remains of a larger and more varied amount of 
terrestrial vegetable and animal life would be there expected ; as, 
also, under favourble conditions, the addition of the harder parte 
of fluviatile creatures. Where intermingled with the simple lagoon 


respects the accumulations, for so many thousand square 

inside the Barrier Reef, off the eastern coast of 

Australis, there would be a great sheet of matter, as a whole, 
° 


i 


s- 


where modifications would be expected, though on a 
larger eeale, of the kind found around the islands, composed of 
ordinary rocks, inside encircling reefs, and above noticed.* Such 
# small yolume of fresh waters flowing outwards from the land, 
comparatively little detrital matter from the interior seems trans- 
ported far seaward, so that the calcareous detritus derived directly 
from the reefs, and ground finer by friction from breaker action, 
or passed through the animals feeding ‘on the coral polyps, readily: 
becomes forced towards the land from the prevalent action of the 
wayes in that dircction, ,It there mingles near the conste with 
such detritus as may be derived from the land by breakers, how- 
ever modified these may be from the shelter afforded by the outer 
reefs, or be carried out into such tidal streams as prevail by the 
rivers in flood. Viewed as a whole, we should expect much ean- 
tinuity in some of the deposits, particularly the finest, in many 
parts of the great area comprised between the coasts and the outer 
great barrier reefs, in which an abundance of molluscs, radiata, and 
layers of certain corals, with the harder parte of fish and crusta- 
ceans, would be entombed. Near the land, and particularly where 
mangrove swamps prevail, there would be modifications of these 
continuous deposits, As a whole, it would constitute.a great mass 





* Tho green mud off Cape Direction, east coast of Australia, is wholly eafoareous, 
= Boote Jukes, * Narrative,” 80, ae 
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more or less stratified, intermingled here and there, especially 
towards the outer barricr reef, with complicated mixtures of coral 
growth in reefs, the detrital matter derived from them, the harder 
parte of other marine animals living among them, and the alter- 
ations of structure produced by chemical means. 


‘Stratification, 
coral sands and mud, and the layers of organic remains which may 
be intermingled with them, for a tendency to split into slabs is 
often noticed in the mass of the reefs. Indeed, Mr. Beete Jukes 
not only mentions such a mode of occurrence at Heron Island 
(part of the eastern Australian coral accumulation), but joints in 
that reef also, splitting the coral rock into blocks of from one foot 
to two fect in the sides, These joints or divisional planes are 
parallel to the dip and range of the beds respectively, and the coral 
beds dip seaward at an angle af from 8° to 10°. 

‘The observer has next to turn his attention to the consequences, 
as regards coral reefs and islands, which would follow any of those 
changes of the relative levels of sea and land, both on the small 
and large scale, and to be subsequently further noticed, which the 
study of geology teaches us has so frequently occurred. 
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accumulations, forming dry land. Such have been long known. 
imard, who accompanied the expedition of 
who remarked on the moderate depths to which 
reef-making corals appeared to extend,” mention that on the 

of ‘Timor coral banks s0 occur above the sea level as to 
i formed of 
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if gives on account of ancient reefs, now 
above the sea level, at the islands of Maui, Morokai, 
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on the raised coral reefs on part of the coast of Jumaica.§ 
mm side of the low archipelago, 
* Quoy and Gaimard, Sur I'Accrotacment des Polypes Lithophytes considéné géolo- 


giquemont, Annales des Sciences Naturelles, tom. vi. 
a aerate lent See ee ‘MM, Quoy and Gaimard found these 
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authors, showing coral banks elevated to various heights above the 
level of the sea in the Cook and Austral Islands, Savage Islands, 
the Friendly Islands, the Navigator Group, the New Hebri 

Treland, the Marianas, the East India Archipelago, the 
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. W. B. Clarke as a mised coral island. It is 
in circumference, and surrounded by a fringing reef, 
which the depth gradually increases outwards for a quarter 
a mile, the reef then plunging into deep water, The whole 
island is composed of dead coral. Its average height above the 


; 


a) 


island has been elevated at two distinct periods; at the first 
to the amount of 170 fect, at the second to 80 fect additional 

ight.$ 
TAD sting tin vouion of col aoc does 
the portions of a sea-bottom ehould also be taken into account, 
which may by the same means be brought within such a distance 
of the surface water, that the germ: of the various coral polyps, 
which aid in the establishment of a reef, could find the needful 
conditions for establishing themselves, It has to be borne in mind 
that inequalities of the sea-bottom exist as much in eoral regions 


* Beechey, Voyage to the Pacific. 

+ Darwin, Structure and Distribution of Coral Reofs, pp. 182-137. 

$ Claike, Quarterly Souraal of the Geological Soclety of London, Tol. Ith, 
p. 61, 1847. 


would readily be cut down to the level to which breaker action 
could extend; while others would only just reach the needful 
the surfice-water for the establishment of coral 


beneath 
respects inequalities of sea-bottom, if the Great Bank of 


north-east of about 70 miles, and having a somewhat steep slope 
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outside, on the south-west side, into 118, 160, and 149 fathoms, 
the change from the present depths being taken into account.* 
Tn the Bermudas we seem to have an instance of an isolated 
Pe pra far distant from land, and rising from deep 
‘water, upon the upper part of the crown of which coral reefs have 


ves, mingled with others which have been 
described as chiefly composed of serpulw, nullipon incrasting the 
work of the marine animals as upon the coral reefs of the Pacific 
(p. 169) The remarks of Captain Nelson, of the Royal En- 
gineers, having chiefly reference to the geological structure of 
these islands, there is yet much to be accomplished by the ex- 
perienced naturalist respecting the reefs themselves, which are 
especially interesting from their geographical position, and the 


depth deepening 
further distant to 12.and 15 fathoms. Captain Nelson describes } 
the Bermudan group to consist of about 150 islets, lying in a 
north-east and south-west direction, within a space of 15 by 5 
miles, and containing altogether an area of about 21 square miles. 
is situated very near, and conformably to, the south- 
cast side of w belt of reefs, partly formed by corals, and partly by 
serpulas, of a rude elliptical form, 25 miles long by 18 miles broad. 
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‘coral reoft #0 far northward in the Atinntic is referred to the 
of the heated water sarried northerly by the Gulf Stream. 
,, Tramspetions of the Geological Society of London, 2nit series, vol, v. 
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‘The channels amid the islets are shallow, and the depth of water 
within the boundary reefs rarely exceeds 12 to 14 fathoms. The 
highest land rises to about 260 feet above the sea at Sears Hill, 
and Gibbs Hill has an elevation of 245 feet. 


chiefly marine, though the remains of land shells, and birds’ bones 
are also mentioned. From the mode of occurrence of the calcareous 
beds, and especially from the saddle-shaped sections observable 
throughout the islets, Captain Nelson infers that the deposits have 
been effected by means of the wind, driving the calcareous sands, 
including fragments of, and whole shells, in the usual way before 
it, and heaping them up irregularly into sand-hills, the component 
parts of which have been variously consolidated. A foot of red 
earth, containing vegetable matter, commonly covers the calea~ 
reous accumulations. Fragments of coral and shells are noticed 
as common, and the remains of Lucina (Venus) Pennsylvanica are 
especially pointed at as frequent. Turbo Pica is also common, 
and Captain Nelson is inclined to refer its occurrence on the 
heights to the hermit crabs, which he has seen running about with 
these shelle.* Coral reefs occur inside the main, or outside reefs, 
and do not rise above low water, except at spring tides. Over the 
bottom of this basin calcareous sand and chalky clay (the beat 
anchoring ground) are distributed. The tides average a rise and 
fall of about 44 fect, and at low water the main reefs stand about 
2 feat above the sea, 

Although there may be good evidence of much of the caleareous 
accumulations of these islets having been effected by means of the 
wind, piling up sand and fine calcareous particles driven, in the 
usual way, by breaker action at high tides, and by gales of wind,} 
still there would also appear evidence that there may have been 
some elevation of the general mass, since a bed containing shells of 
the Lucina Pennsylvanioa, and now about 6 feet above water, has 
an even range from Phyllis Island to Harris Island. Under this 





* Mellita (Scatella) quinguefora is noticed as found, the pores of the crusts filled 
vith carbonate of lime, like the cchinites in the European chalk. Turtlon 
Peeteg eee or ora itn dichesamais tier on alee he neetion on pres and 


+ Sand drifts are now in progress; and Captain Nelson expecially refers to ons 
‘moroaching on the Iand,tand arising from works executed a few years sinoe, by 
Pibicia protesting vegetation vas removed, and the wind aeted ons wuflcient anes of 
“free: to work its destructive way intoa more cousiderable mass. 
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hypothesis a mixed accumulation, by means of both wind and 
water, would not appear inconsistent with the sections given by 


Captain Nelson. The following (Gg. 82) is one similar to many 
sections of sandstone deposits formed beneath water. 


Fig. 82. 





Asoe 


a, b, 0, Ordinary friable calcareous rock. 
dd, Recent loose deposit in front of the cliff. 

Having so much evidence of the elevation of coral reefs in 
‘various parts of the world, and seeing that depressions of ordinary 
rock-accumulations (to be hereafter noticed) have been effected, 
often on the large scale, also in various regions, it would be ex- 
pected that coral reef, and even extended areas in which they 
oecur, may in like manner have been subjected to the like move- 
ments. Mr. Darwin has very ably sustained this view, both as 
Tespects single coral reefs, and extended regions in which they 
may be found.* To account for barrier reefs and atolls, which 
have been produced by the subsidence of land, around which 
ging con et nly wr fn sth, be ges ie lowing 


Fig, 83, 





ool 90 pega ae grip Boca pegs aed 
growth, during the gradual subsidence of the island L, by which 
the relative sea-level became transferred to 8, 8’; then A’ B, 





* Darwin, Structure and Distribution of Coral Reefs, chap. vi. On the distribue 


thon of coral reefs with reference to the theory of their 
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BY’ A’, are sections of the lagoons inside barrier reelxon each side of 
the land, after this subsidence, and B’ B/ the new shores of the island. 
Should the gradual subsidence continue, so that the relative level 
Syeal tel Peet viick Gacesh tee aca cere 
original island round which the corals first formed a fringing belt, 
would be completely concealed, A” A’ constituting the outer reefs 
ofan atoll, and C its contained lagoon. In this manner the original 
mass of lund, which might be a volcanic cone, or some modification 
of that form, would become encrusted by the remains of marine 
animals, or the detrital and chemical accumulations arising from 
such remains, including the fieces of the various reptiles, fish, erus~ 
taceans, molluscs, and other marine creatures which inhabited the 
reefs und lagoons. This would be contained within » general crust, 
due chiefly to the work of the outer reef-making polyps; this crust 
again covered, after a certain depth, by the débris of the reefs, 
broken away by breaker action, as the subsidence continued, and 
accumulated over the first formed reefs in the usual talus. With 
the exception of certain portions of this outside distribution of the 
débris from breaker action, there would be a general horizontal 

of the rest; even the crust of the outer reef exhi~ 
biting, to a certain extent, this mode of accumulation. A large 
volume of calcareous matter, obtained by marino animals from the 
zea and their food, mingled with some terrestrial vegetable and 
amimal matter, would be thus accumulated ;—and no small amount 
would be required to fill in, as it were, the space between the 
outer erust of the rising reefa and the original land. 

Assuming the hypothesis good for the single case adduced, there 
would appear no difficulty in applying it to a variety of modifica- 
tions, arising either from the form of the original land, which may 
be cither of small or considerable extent, mountainous or hilly im 
one part, and more level at others ; or from the altered and chang- 
ing arrangements of the surface distribution of land and water, at 
different times as the subsidence continued, being more sudden ut 
one time than at another, Se big interrupted by Dees or eae 
or less duration.* The Maldives are considered as afft 
good example of the effects of the submergence of the land, 
the first incrustation of its shores by the reef-making corals, so 
that a considerable fringing reef round a large island, like that of 
New Caledonia, became divided up into numerous rings of coral 

* The varied effects of submergence of coral roofi and idlands will be found 
iretad ot Tongth, and with rferenc to rts and ilande considera t bear ot this 


view, in Mr. ‘s Structure of Coral Reofs, chapter v., entitled Theory ofthe 
Pormation of tho differnt Classes of Coral Reefs. 








break of the ea, is sunk from 5 to 10 fathoms beneath the surface 
‘of the water, two or three spots only rising into islets, As the 


their and sands, would, for a long time at least, be very 
unfxyourable to conditions well suited for the re-establishment 
the corals. Wave and tidal action would tend 
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190 fathoms; and off another point, at a somowhat greater distance, thore was 
with 210 fathoms. Small steop-side! banks or knolla, covered with luxuriaatly- 
‘growing coral, rise from the interior expanse to the same level with the external rim, 
‘which, as we have soon, is formed only of dead ruck."—Darwin, Structure and Dis- 
tribution of Coral Reefs, p. 39. 
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a rheedaecgilepapliarypaegeeecnce more 
recall tat abla iene justed to the 


sea-bottoms and shores around them, of the more recent 
times, termed the tertiary, are uplifted), these fillacious appear~ 
ances would be very marked. 

‘The observer would readily expect to find, in regions where 
coral reefs abound, and volcanos are now, or have been active 
during their formution, that there ure occusional mixtures of 
igneous products with the coral accumulations, In Mr. Beete 
Jukes’ account of the Great Barrier Reefs of Australia, he 
mentions mingled substances of this kind at Murray and Brroob 





* If tho submergence were so rapid that the growth, and consequent accumulations 
inside the reefs did not became adjusted to it, and supposing the reef-making corals 


only able to flourish in certain minor depths, St is obvious that the reefs could not 
Lae bat remain beneath like any mass of inorganic matter, the reef 
init pol 


porishing, 

"With reepiot to the rato of growth of roefmaking dorals, the avidenco la at preset 
somewhat uncertain and contradictory, Some contend that the growth is very slight, 
reefs having been known in their prosent «tate for a long time; while others consider 
‘their Increase as more rapid. poe wie rs ve ee information on this 
subject, expectally as respects the conditions under which the appearances supporting 
theo different views may have been caused, 

+ There are suddenly very considerable depths around the de Vente 
Islands. Even in the channel between Sal and Bonavista, a line of 232 fathoms 
found no bottom. ‘The same with the Canaries. ‘There i# oo bottom at 309 fathom 
dove on the north of Palma. ‘The like with Madeira, off the west end of which # line 


Marl, sve bottom with 20 fathoms of live between that ialand andthe Forme 

the north-east, Around Pico, Fayal, San Jorgo, and ‘Terceira, thero are dopths of 
S00 end 900 fothoms near the land; and thore is vory deep water around Flores, the 
most western isle. 
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Talands, where beds are found containing variable portions of 
‘tmichytic Java and calcareous rocks, some of the lumps of lava and 
limestone being apparently rounded by attrition. There are also 
beds of phar saa caleareous grains are dis- 
persed. re eons rocks cover the sandstones and con- 
eel nis region, also, pumice would appear to have 
been at much drifted about, arising probably from 
srmepead iia "Sahat hace [porte Aad GENE 
Riad wold be driven by prevalent winds and currents. It 
seems to have become mingled with the coral deposits. Portions 
of it are embedded in the coral mck of Rainc’s Islet, and are 
frequent in the coral conglomenste on the north-east coast of 
Australia.* Captain Wilkes describest portions of vesicular lava 
a8 found among blocks of coral conglomerate at Rose Island, a 
small and low coral island, forming the mest eastern of the Samoan 
group. We should expect many mixtures of volcanic rocks with 
comil sands and pebbles on the beaches of volcanic islands, fringed 
by coml reefs, as appears often to be the case, and algo an occa- 
sional overflow of lava on reefs adjoining land lisble to volcanic 
eruption t 

* Beste Jukes, Normative of the Voyage of the“ Fly." He desorlbes flats of coral 
conglamorste, half a mile wide, as frequent along shore on the N-E. const of Australia, 
Upon all there flats, and about ten feet above high-water, there is an abundance of 
pumice pebbler, They occur on the east coust of Australia, under similar conditions, 
for 2000 miles; are rarely seen on the present beach, or found floating at sea; and 
Mr, Beete Jukes infers, that this proves either the stationary chamoter of the const, 
‘or (iat St has been equally affected, for this distance, by elevation or depression, Me 
allows for the piling action of the Ureakers, and considers it as not improbable that 
the coast has been slightly elevated, or, at least, has noteuffered any depression through 


4 United States’ Exploring Expedition, vol. ii, p. 64. 

4 A coral bed, ten feet thick, is stated to occur between two lava streams ar 
‘the Isle of France ; the coral bed elevated, since its formation, above the level of 
the sea, 





CHAPTER XIL 


TRANSPORT OF MINERAL MATTER DY [CK,—IKLOMNT OF SKOW-LINI.—OLA- 
CIERS,—CAUSE OF THE MOVEMENT OF GLACIII,—GLACIKE MORAINTS. 
MOTION OF GLACIRRS.—GROOVING OF ROCKS HY GLACIERS —ADVANCE 
AND RETREAT OF GLACIEAS—GLACIERS OF THE HIMALAYA, 


Very considerable attention has, of late years, been directed to 
the influence of ice in the distribution of detritus, both upan 
dry land and over the bottom of the sea, and to the mechanical 
effects ice may produce on hard rocks, or loose accumulations, 
‘on or against which it may move or be thrown, upon the land or 
beneath the sea. 

We observe the influence of the sun's heat to be now such 
(whatever view may be taken of any supposed heat in the body of 
the earth itself, sufficient in previous times, to prevent the forma- 
tion of ice on its surface), that the cold of the planetary space, as it 
has been termed, so acts upon the earth, that it is, as it were, 
encased in a comparatively thin warmer space, outside which, 
water remains permanently solid; this space having a spheroidal 
form somewhat more oblate than the sea-level, so that, at the 
equator, there isa difference of from 16,000 to 17,000 feet between 
the two, and that it joins that level in the Arctic and Antarctic 
regions. Above thie, it is inferred that the temperature continues 
ieee one eummaepLers un Eel that of the planctary 
space alone prevails.* 

‘Taking thus the heat derived from the sun as so influencing the 
present surface temperature of the earth, that the cold of the 
planetary space does not render the waters solid over the whule 
face of the world, we should, from the conditions under which this 
heat could prevail, anticipate many minor modifications in its 









ares that the temperature of the planetary space was —50° centl- 
r held It was —49°65 centigrade, employing another 
tis‘ pyro the rel en by our hiner 
according to Lambert's statements, and obtained =50°S5. 
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action.* ‘These would arise from its different absorption and 


oceupied by the 2ca, and from prevalent winds sweeping over it 
and reaching land ; thus producing marked clevations of the general 
tempernture above that nt which ico would be common. 

‘To obtain the snow reposing on the regions or elevated moun- 
tains, piercing through the space above noticed’ into those porti 
of our atmosphere where the temperature is such that mow more 
or lest encrusts them during the whole of the various climatal 
changes of the year, we have to infer evaporation from the land and 
water, modified rane Sil Set water ae Pee and 





* Respecting the tempemture of our atmosphere, M. Arago has remarked, (Ann, 

ee cena ae 81 Fae, Db, a Vo Me ‘there 
Jeon ahs 9, pele echelon epee ikon od 
and protected from all reverberation, attain 46° contigrado (114-8 Fahr.); Indly, 
Sa Uae es beens besser of te 6s, whats Be tha plass and pee 
sttalae 31° contigrad (8798 Puhr); pei oe greatest degree of cold which hax 


over been observed upon our globe, with the thermometer suspended in the air, dove 
not descend 90°. alow sive (3° Pahe)." ‘To this he able, © 1 the tom 
perature of the wnter of the'sea, in no latitude, and in no soason, rises above 20° cen: 
tigrade (86° Par,).” 


+ With referonce to the snowing on the northern flank of the Himalaya, 
‘Dr. Hooker states (letter to Sir William Hooker, dated N.E. Sikleim, altitude 
13,500 feet, July 25, 1849), “that the mow-line, in Sikkim, lies on the Indian side of 
the Miasalayen range at below 15,000 feet} on the Thitetan (northern)slope, at about 
16,000 feet.” 





0s LINE OF PERPETUAL SNOW, (on. xn, 
localities, sufficient to afford the needful falls of water in this 
form.* 


From the polar regions, where we find such a great amount of 
climatal change, that the influence of the sun, as far as it can be 
there is uninterrupted, or nearly so, during one-half’ 
of the year, and unfelt during the remainder, to the tropical regions, 
where portions of mountain masses may rise so high into the atmo- 
sphere as to support a covering of snow, there are neceasaril great 
‘variations of temperature, the letter becoming less 
whole, in the equatorial portions of the earth, 

When attention is directed to the effects arising from these 
variations of temperature, it is found that the production of glaciers 

. 
sow ov aer sonny > tat wale Hat ty be intred for tls oreo a 
abet fe eek nace Inti mig lee ag aly 

there are none such on the face of our planet, the ‘water always 
misig wih the uo the sop op thi nt ele ar of 


 rlsabcah (itageene Auatlgan, p. O60) iia given the Silomtng be Seat 
Ane on cortain mountain ranges — 

















|. Darosher ( sur la limite des “neiges perpswolles. Voyage de Ia 
Bacher 8 lc hi partial sont one Sn YR Bea 
hat, at Spitzbergen (N.W. const), it descends to the level of the aca, 





stands somewhat ’ nr coewete ane Seale eas 
fical bearing. In Alps, Europeans have been 
familiar with masies of ice, 80 called, oe 


Se since described them ; end) 
among those of late years, M. Charpentier* and M. Agassiz} have 
written much in support of a particular hypothesis as to the mode 
in which these masses of ice moved outwards from the mountain 
heights whence they originated, and as to their former more oon- 
eiderable range and extension than at present, pointing to many 
circumstances connected with this subject, and of geological value, 


‘The progress of researches respecting glaciers and their geological 
effects, affords a fair example of the necessity of careful observation 
in a right direction; so many assertions connected with the mode 
of cecurrence and advance of these mastes of ice, upon which 
hypotheses were based, having been found, upon actual investiga 
tion, unsupported by facts. Though this has been the case, many 
Cp tai rms aera oil pp 

bore the test of careful investigution ; and no‘one would appear 
more desirous of admitting. the value and importance of real 
additions to our information on this subject, than Professor James 
Forbes, to whom so much of our present knowledge of the Alpine 
glaciers is due.t 

A glacier commences near the line of perpetual snow, but lower 
somewhat than that on the adjacent ground. ‘There is often a 
passage, nearly insensible, from perfect snow to perfect ice; at other 
times, the level of the superficial mow is well marked, and the ice 
occurs beneath it, No doubt the transition is effected in this way : 
—the summer's thaw percolates the snow to a great depth with 
water; the frost of the succeeding winter penctrates fix cnough to 





‘Kesai eur low Glaciers ot mur le Terrain Ereatique du Bassin du Rhone,” 184). 


‘Lausanne. 
+ ** fitudes sur les Glacters,” 1840, Neuchatel. 

Reo his Travels | the vo achat Poe parts of the Pennine Chain, with 
drake Be ee tieccoeen of Glaciers, Ind odit, Edinburgh, 1845; and his 
sopae pein inva Piionngtiol Tesnecting 168. 

» 
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at least to the thickness of one year's fall, or, by 
in two or more years, consolidates it more effix 


raat Dori pmenphast morris 
ret set in ttn tat thin tate Weak 

de Charpentiert in thinking strat 

obliterated as the mévé passes into complete iee.t ‘The crevasses, 
or great fissures, in the névé are considered to differ from those 
lower down the glacier in their greater width and irregularity, and 
the caverns in it to be more extensive and singular in their forms, 
from the greater facility with which the néeé is thawed and water- 
‘worn. 

Further down the valley, or ravine, in which the glacier finds 
its way, much will necessarily depend, as to the form and appear 
ance of the latter, upon the general character of the ground tra- 
versed. The ice changes ite charactor: it is not like that produced 
by the freezing of still water in the lake, but *laminm, or thin 
plates of compact transparent blue ico, alternate, in most parts of 
every glacier, with lamin of ice not less hard and perfect, but 
filled with countless air-bubbles, which give it a frothy semi-opaque 
look.” “The alternation of bands, then, is marked by blue and 
greenish-blue or white curves, which are seen to traverse the ier 
throughout its thickness whenever a section is made, It is, there 
fore, no external accident—it is the internal structure of a glacier, 
and the only one which it possesses, and may be expected to throw 
light upon the circumstances and formation of these masses."§ 


2 Facbis Tiaras hcingh the Alpe of Savoy, $8 OMe, Ble 

+ For his views respesting glaciers, eonsult M. se Chacpent es eed sur lew 
Ghholers et sur le Termin Ermatique da Bassin du Rhone, Lataanne, 18 

} The granulated structure terete fee le accompanied wilh toe Gall WMa/ge 
snow passing Into a greonish tinge, but rnrely, if over, does it exhibit the: 

and hue of the proper glacter. ‘The deeper parte are more perfectly 
the bands of ice, which often alternate with tne bardaved snow, are protabiy das to 
the effect of thaw suecooting tho winter coating, or any extraordinary, fall, 
Reena a nek tie ken a ie ae ee 
does not lic a0 long in a powdery stato, and the exposed surface tecomes completely 
frozen." Forbes’ Travels through the Alps, ke., 2nd edit., p. 32. 

§ Forbes’ Travels through the Alps, &c., 2nd olit., p. 98. It in remarked, rospect= 
{ng this structare, that it Is the consequence of the viseous condition of the mass anid 
ite movemont. Tt is observed that it “han all the appearance of heing due te the 
home prgetel mpi ntireerr atin 
eon filled with water drained from the glacier, and frozen during winter, have 
duced the compact blue banda” (p. 878). Frofemor Forbes considera, thaty ax the 
Viseous mass moves onward, the contral parts fastor than the sides, these fissures, 
filled with ioe, take a more horizontal position in the general mnss, with such modi 
‘Geations as may be expected on tho silos and bottom where the friction Ia erestewt, 


aH 


a, XIL) GLACIERS, au 
Below the névé, Abe lbser coxaiboly dacs Ste wy; nad eatin 


ioiwhiaelenieiS tha cecal y CWS pete of mace thronghout 
the year. The secompanying view (fig. 84, p. 212) of Mont Blane, 
taken from the Bréven, a mountain rising high above the valley of 
Chamonix, which separates the Bréven from the Mont Blane, will 
ee ee ec ee ete prAna 
, than a verbal description, and more especially as the 
eee position ofthe Bréven iteelf prevents that foreshortening 
and less instructive view obtained from beneath. 
As the great icy mass descends from the region of the névé to 
the lower ground, the erevasses vary much in length and breadth, 
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a 
experienced, so that it may descend further into the lower valleys 
st one time than another ;f and thus its actual amount of protru- 
sion into m valley may depend, for the time, upon effects produced 
through many seasons, and be liable to frequent change. 


remarks by ideal sections of glaciers aml real sections of viscous 
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fiseared 
beeen oe ear hc ite decrease in the 24 years, I well attested. The 
Freier) ‘the menn temperature for the five years preceding 118, when 
sagas aeretes hecadakes prosonted no marked change, the mean 
temperature at Geneva belng for that time 72-61, Reaumur (49°12 Fahr.); the meen 
for the last 40 years, in tho same town, being 72*75 (40° 44 Fubr.)—"Travels, &,, p. 0, 
r2 
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‘The turbid waters, rushing out from beneath the glaciers of the 
Alps will be familiar to all who have visited those mountains, as 
also the caverns of ice through which these waters commonly find 
their way when they are most abundant. With respect to such 
waters, Professor Forbes has pointed out that they may not only be 
due to the ice melted by contact with the rocks on which it moves, 
to the fall of min upon the ice drained by the glacier valley, in 
the season when rain falls, and to the waste of the glacier itself 
by the sun and rain, but also to the natural springs rising from 
beneath the ice, as in any other locality." 

With respect to the cause producing the motion of glaciers, 
different views have been taken :+ Professor James Forbes con- 


(though continuous) changes of motion, simultancous throughout 
the whole, or a great part of its extent, and therefore due to some 

external change,” and that *' this change has been shown 
to be principally or solely the effect of the temperature of the air, 
conditions of wetness or dryness of the ice.”§ With 
regard to the movement itself, the Professor has pointed out ** that 
the ice does not move as a solid body,—that it does not slide down 
with uniformity in different parts of its section,—that the sides, 
which might be imagined to be most completely detached from 
their rocky walls during summer, move slowest, and are, as it were, 


E 


* With respoot to the waste of the glacier by the sun and rain, Professor Forbes 
remarks, that it ie “a most important item, and which constitutes the main volume 
‘of most glacier streams, except In the depth of winter. It ison this account that thie 
‘Rhine and other great rivers, derived from Alpine sources, have their greatest floods 
im July, and not in spring or sutumn, as would be the caso if they were alimented by 

‘only. On the mme account, the mountain torrents may be seen to swell 
Towdly, na the hotter part of the to diminish 
morning 
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1849, by the Vicomte d'Arehiac, Puris, 1847. 
‘the Alps of Savoy, ke., and alluding to chap. vil. 
Th, chap. xxi., p. 363. 
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dragged down by the central parts.” * His theory ie, that “a 
glacier is an imperfect fluid, or a viscous body, which is urged 
down slopes of a certain inclination by the mutual pressure of its 
parts.” He does not, however, “doubt that glaciers slide on 
their beds, as well as that the particles of ice rub over one another, 





*Travele through the Alps of Savoy, &e. chap. xxi. p. 363. As to the diffurmt 
rates of motion of a ylacicr, it is observed that a glacier, "like a stream, has its 
still pools and itn rupida, Where it is embayod by rocks it nccumulates—ies dectinity 
diminishes, and its velocity, at the same time, When it passes down a steep, or ismes 
by 0 narrow outlot, its velocity increases, The central velocities of lower, middle, 
anit higher regions of the Mer de Gloce are~1-398, -374, and -925; and If we 
divide the length of the glacier into three parts, we shall find these numbers for its 
declivity, 15°, 45°, and 8°.—Forbor’ Travels, &e., p, S71. 

$ 1b, p.965. Te would be aimewhat out of place in this work to enter more fully 
into the theory of glacier movements, Respecting the theory of the viscous condition 
of a glacier, Professor Forbes alludes to its spreading as # viscous body would do 
when a glacier passes out of a narrow gorge Into a wide valley, stating thot this fet 
had been first brought prominently forward by M. Renda, now Bishop of Annocy 
(Travels, p. 367.) M. Rendu (Théorie des Glaclers de la Savoie, Chambery, 1840) 
divides glaciers into glaciers résereoirs and glaciers (”eeoutement, the former in the 
rogions, and the latter descending into the lower valleys. Ho estimator the height of 
the separation between the {wo in Savoy at 2,923 metros (0,800 English feet), Ho 
points to the accumulation of snow in the higher regions, the rain, when it falls 
Freering, and to the fooding of the lower glnclers by the descent of this snow and jee. 

* But,” he adds, “I mointain that the former motion is causod by the latter, and 
that the motion impressed by gravity upon the superficial and central parts of aglacler 
(especially near its lower cod), enable thom to pull the lateral aud inferior parts 
‘along with them, One proof, if | mistake not, of such an action is, that a deep eur 
rent of water flows under a smaller declivity than a shallow one of dhe same fluid. 
And thik consideration dorivos no slight confirmation, in ite application to glaciers, 
from a clroumstance mentioned by M, Elio de Beaumont, which is #0 true that ono 
wonders that it has not been more Insisted on—namely, that a glacier, where it 
desoonds into a valley, ie Uke « boly, pulled asunder or stretched, and not a boy 
forced on by superior pressure alone” (p, 370). In a note to this passage, the Profesor 
remarks, “ that a state of universal distension, or a state of universal 
te cqually incompatible with tho existing phenomena of most glaciers, and that com 
peels Te meaner ied thn esa platnly baiodted Ry their natural: 

ines. 


on either side of it afford the needful supply, as also a mass of rock 
hy 7) areata om pia ab oaage 
pointed out by Profieor Forbes, When two or more streams of 
glaciers unite, each bearing its two, or even a8 we have even, three 


long-cont ‘action 
‘atmospheric Laflacnces having smoothed off many 4 procipitous hill aide, where the 
‘Samo effocis may be seen in dally progress, This action has greatly modifiod the face 
of most when combined with lands! 
This name hns booome common with us from the works of Do Siussure and others 
writing in Freneh,  Guffir ie the German term for them, 
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a great fall of fragments may take place, while the opposite sides 
may be marked with slighter lines of moraine, derived from tribu- 
taries receiving a less amount of fragments. 


Fig. 85, 








¢ © ae a 
The following view (fig. 86), representing the upper part of the 
glacier of the Aar,* well shows the lines of moraine coming down 
from the glacier of the Finsterarhorn, on the left, and from that 


Fig, 86, 





of the Lauteraarhémer, on the right. It also illustrates the form- 
ation of a single line of moraine in the centre, by the union of the 


* Rodueet from s view in the Eiwles sur los Glaciors by Agamiz, Neuchatel, 
1840, 
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two lateral moraines of the glaciers above noticed, Examples are 
als seen of the mushroom-like appearance produced by the unequal 
melting of the surface of a glacier, so that protection being afforded, 
as long since pointed out by De Saussure, by a block of rock 
(particularly if it has o fallen on the glacier as to rest in a tabular 
manner), the ice beneath has not disappeared so rapidly as around 
it, and thus the block is raised upon a stem of ice. Some of the 
blocks thus supported are very large.* It is, in the sume manner, 
to the protection from the sun and rain afforded to the ice beneath 
by the mass of the moraine, that it often rises above the ice.t 

‘The following view } (fig. 87, p. 218), of the upper part of the 
glacier of Zermatt, also shows the effects produced, as regards mo- 
Spe) Antal ec pam On the left, the lines of moraine are 
derived: the glacier of Monte Rosa and of the Gomerhorn, 
with the lateral moraine of the foot of the Riffelhorn and the great 
moraine of the Breithom. On the right are the glaciers of the 
Little Cervin and of the Furke-flue. The crevasses across the 
united glaciers are well exhibited in front, as also the rise of the 
ive above the side of the glacier, showing that the blocks and other 
rock fmgmente, there borne onwards, would have a tendency to fall 
over and accumulate in a lateral momine, off the ice, and upon the 
adjoining lower ground. 

Tf the rate of movement of a glacier depends upon the slope and 


through the lowing 

‘Toate Hit oa te lo & very semaukable fat Mock of grate which pariularly st- 
tracted my nttoution on my first visit in 182 to that part of the glacier. It i¢ a mag~ 
nitleent slab, of the dimensions of 23 feet by 17, and sbout 3h in thickness. It wns 


pet fh tars oth ny an wa an cavities on 
glacier finally so joe beneath at 
a fecopedsee tat tan a ean temeinien oa Ow feeraeoliet 


in height, and 80 t 100 feet in circumference. Agassiz, Etudes sur los Glaciers, 
chap. x, and Forbes! Travels, fee., chap, Hy . 2. . 
{Also taken from the Etudes sur les Glaciors, by Aynsslx. 
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form of the subjacent and boundary rocks, all other conditions 
being equal,* we should expect it to vary very materially in the 
course of the same glacier, and in different glaciers, Tho very 


Fig. 87- 











careful investigations of Professor James Forbes have proved the 
correctness of the view taken by M, Rendu,t that the central 
portions move faster than the lateral,} so that the blocks and finyg- 





* When tho ratesof advance of different glaciers are compared with the slopes on 
which they move, it is very essential to take all other conditions into account, a pro> 
‘caution which docs not appear to have been always adopted. 

+ Théorie dos Glaciors de la Savoie, p. 63. 

} Travels through the Alps of Savoy, &e , chap, vii., entitled “ Account of Experi- 
ments on the Motion of the Ice of the Mor de Glaco of Chamouni”” Tho means 
wlopte:| were of an order to inture success The Professor selected a point on the 
fee, and determined its position with rexpect to three fixed oo-ontinates, having refer= 
ence to the fixed objects around. He found, after the olwervations of four 
that the lee on which bis Instrument was placed moved during each 24 hours at the 
rate of 

15-2: — 1693s — 17-5 c= ATA Inches, 
8 variation which he considered due to the increasing heat of the wonther, On trying 
the rate of nocturnal motion, as compared with the diurnal, the Professor found 
eaactly onesalf, the night having been coll. ‘The general motion was not by fitt of 
advance wiv! halts, Wut orderly and continuously, Ty well-considered arrangement, 
ho algo found that the soxewhat common opinion of the sides of w glacier moving 
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ments of the medial lines of moraine descend further in less time 
than those on the sides, even when the latter are not thrown over, 
and left on the ground bounding the sides of a glacier, From the 
<a sa neonapaee pockjntacted toe 
a t move as readily om as a small 
as agile rai erect influence against the action 
of the sun and min, it would tend to preserve the ice beneath far 
more effectually, considering the subject generally ; not, however, 
forgetting that from the unequal melting of the ice around and 
partly beneath, it may be tilted off, not only into a crevasse, where 
it might advance with the general march of the glacier, but also 
into some situation where its progress may, for a time at least, be 
arrested. Some of the blocks observed on the glaciers are of very 
considerable dimensions, Professor Forbes mentions having seen 
one on the ice of the glacier of Viesch, in the Valais, nearly 100 
fect long, and 40 or 50 feet high.* 


faster than the centre was incorrect, and that, on the contrary, their motion was 
slower. Prom the 20th June to the Ist July (1842), white the sides of the part of the 
Mer de Glace experimented upon moved at a rate of 17-5 inches for each 24 hours, 
the contre ndvanced 27-1 inches. Other experiments on other parts of the glacier 
fed to similar resalix. Ut was found that, * ( 1) he ston of Sealghar pest the 
[SN ah tone tegedlrec teed rts portion, but the motion of 
tho middle region {x slower than 





enabled Professor (Phi 
1846, “ Mustration of the Viscous Theory of Glacior Motion,”” 
parts 1,2, amd 3), that the movement of the Mer de Glace went on continu 
for several days, and ho gives a valuable table of fhe apparent and relative motion af 
1 Shad el aod et pe perdi In 1844 (p. 171), 
‘The motion of stone, named the Pierre Platte, on the Mer de Glace, 


Papeete daewss— 

From the 17th September, js 12th Saphanin206Rs 

the advance itt 360 days: + 296°8 foot, 

Ralacal to the year of 350 days a eh PES 

‘Mean daily motion + 8°66 inehos, 

rem AN Bape, to Tn Ag, tas eee 

orn etin fi 25 ye . 2983 , 

‘Mean daily motion 947 inches. 
‘There are alto i tcpertanttabica 0 the tatlen cbascved al two stations on the Glas 
ior det Bois (one observed from the 2nd October, 1844, t the 21st November, 
1845, and the other from 4th December, ISH, to dist November, 1845); and at two 
stations on the Glacier des Bolssons (ono from ®th November, 1844, to 22nd Novem 


the Gi 
hor, 1845, and the other from 2nd Ootober, 1844, to 22nd Novembor, 1545), showing, 
the variablo, but continued progress, of these glaciers during the intervals. Among 
tlle ina gicerprportion eh tin lover, tall expos to more Vinh 
a - to more 
Siri caer et cold” 
Travel, Re, very largo geanite block, alse soen by the Professor uy 

Ati Blor de Glaco, in 1842, ls figured by him in the samo work, 9-37, o- 
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While thus fragments of all dimensions, and in great abundance, 
find their way with an unequal rate of movement, according to 
their position on a glacier, to lower levels, numerous others are 
arrested in their progress, tilted off and left on the ground adjoining 
its sides, should circumstances permit. When a glacier so changes 
its volume as to oceupy # higher relative level at one time than 
nother, amid the mountain depressions and ravines over and 
through which it may move, and the conditions for leaving mar- 
frinal accumulations of rock fragments on the outside of’ it obtain, 
such accumulations, should the ice afterwards decrease in volume, 
would remain to attest this previous state of the glacier.* No 
marks of this kind would be left where the sides of a ravine or cliff” 
were eo steep that the blocks could not find rest. The 
would either rise or descend with the glacier, some probably falling 
into any space left between the ice and the wall of rock, and open 
cither from a certain amount of melting of the glacier at its contact 
with the rock, or from the passge of the mass of ice along the 
uneven front of a cliff, cavities of different kinds thus presenting 
themselves. 

From fragments of rock becoming jammed between the ice of 
a glacier and its rocky walls, as cannot fail often to be the case, 
sand indeed is well known, the friction of these fragments, 
by the great force of the glacier, grooves and furrows the adjoining 
rocks in lines corresponding with their motion. Professor Forbes 
gives the following interesting view (fig. 89) of the ‘ Angle,’ Mer 
de Glace, where granite blocks are jammed in between the ice and 
the rock, wearing “furrows in the retaining wall, which is all 
freshly streaked, near the level of the ice, with distinct 
lines, resulting from thigabrasion, ‘T’he juxtaposition of the power, 
the tool, and the matter operated on, is such as to leave not a 
moment's doubt that such strie must result, even if their presence 
could not be directly proved.”t ‘This friction alone would tend to 

* Profesor Forbes (Travels, Sc.) p 24) hms given a very illustrative section 
(fig. 84), showing the manner in which fragments (e) of rvek may be loft by the dor 

Fig. 88, 
4 





e 


crouse of a glacier, and in which » part of a lateral moraine may fall into a cavity, a, 
botween the foo awh the boundary rock, or be left »tranded on au inclined shore, 6. 
‘The seotion of a central moraine ix soon at d 

+ Travels, Ac. ‘The woodout i# a reduced skoteh from pl. 8, p, 76. 
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reduce the fragments to less size, and even to fine powder. Looking 
at the general conditions of glacier movements, the kind of ground 
these masses of ice puss over, and to the introduction of fragments 
from the sides, and even through the crevasses to the bottom, we 


Fig, 89, 








should expect that the grooving and scratching would be con- 
siderable on the bottom and sides, mingled with an extensive 
smoothing of surface, as if, in the application of a huge polishing 
apparutus, acting, as a whole, with minor deviations, in one direc- 
tion, harder grains were strewed about, so that scratching as well as 
polishing was effected.* This scratching and smoothing by 
glaciers has been chiefly observed, with reference to their geological 
value, in modern times, though the rounded and polished surfaces 
frequently seen have been long known by the name of Ioches 
Moutonnées, that assigned them by De Saussure. 

From the general grinding of glaciers on their beds, the friction 





* ‘Though the grooves are usually long, parallel, and polished, the minor weratehes 
often cross exch other. 
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of the fmgments on cach other, and the decompcsition of many 
kinds of rock in regions where the alternations of frost and thaw 
are so common, particularly in the warmer parts of the year, 
cx aot ny ring tying yo 


as above gic gamepryeticienrs Saber 
mechanical suspension. These sometimes fall into lakes, and leave 
the fine sedimentary matter behind them, as is the case with 
many amid and on the skirts of the Alps, while some have a con- 
siderable course, a3, for example, the Durance (bearing the glacier 
waters of Monte Viso), and many tributaries of the Po, fed by 
glacier streams from the southern side of Mont Blanc, and other 
Ttalian portions of the high Alps. 

Independently of the mass of fragments which may be borne 
forward by a glacier, when it is on the increase outwards, from 
a fitting combination of conditions, it ploughs up the ground 
before it, thrusting forward the loose substances, no matter how 
accumulated, and with them, should they come in its course, 
fields, woods, and houses. We remember seeing the Glacier des 
Bois thus crushing and forcing all before it during its advance 
in 1819+ These accumulations, to which the transported blocks 
and minor fragments of rock are being added, as the ice melts, 
which once supported and carried them onwards,t are known as 
terminal moraines, and by their position a glacier is inferred to 





* There is much finely-conuninuted mineral matter distributed over some pacts 
of many Alpine glaciers. It is sometimes so fine as to enter the interstices af the 
more porous ice, thus distinguishing the latter from the moro eampact bands. 
‘These * dirt bands,” as Profesor Forbes terms them, wore of much service to him 
in his examination of the structure of glaciers. Atlading to the discoloration trem. 
this fively-comminuted detritus, the Profomor observes, “The cause of the dis- 
coloration was tho vest point, and my examination satisfod me, that it wns not, 
properly spenking, a diversion of the moraine, but that the particles of earth and 
sand, or disintegrated rock, which the winds and avalanches and watersrins 
over the entire breadth of the ice, found « lodyemmt in those portions of the; 
where the foo was most porous, and that consequently the * dirt bands’ were 
indices of a poentiarly porous veined structure traversing the mass of the glacier im 
‘hese directions,”——"Teavels, &6., p. 168. Upon careful examination these “dirt bands” 
wore found to be quite superficial. 

+ In 1820 it attained its greatest known modern advance into the valley of Cha- 
monks, 

$ Respooting the blocks and fragments of rocks thus carriod outwards, M. Renda 
has remarked that some of them can be oconsioually traced to the very commence 
ment ofa glacter,— Théorie des Glaciors do la Savoie, 
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be, for the time, cither rotreating, advancing, or stationary.* ‘That 
Pe deaeision Oaliioenie Sochocspemtan ticone 
able distances, so that many 4 terminal moraine left at one time, 
may be aguin forced forward at another, part of it so caught in 
the advance of the ice aa to be ‘in grooving and scratch- 
ing the solid rocks beneath, then bared and passed over by the 
glicier, Enormous blockst are often left by glaciers in their retreat ; 
indeed, under such circumstances, they would not only leave the 
terminal moraines, marking their extension for the time, and 
luring periods of increase, but also their whole load of blocks and 
frugments, up to the new limits of the decreased glaciers, 

Supposing a glacier to advance and retreat from causes which, 
though variable onthe minor scale, are constant for considerable 
intervals of time, there would be no small amount of blocks and 
fragments of rock, too considerable to be borne onwards by river 
action, left either perched on various parts of the mountain sides, 
or distributed over the valleys, within the range of increase and 
decrease of these masses of ice in glacier regions, This great and 
constant general action, continued through long time, would 
searcely otherwise than very considerably modify the state of the 
area from that original condition, when the glaciers were first 
formed, even supposing no alteration in the relative level, ag 
respects the sea, af the mountain masses amid which they occur. 
Avalanches aid in the general descent of fragments of rcks, 
carrying many, with their snows, to lower levels, sometimes falling 
‘on glaciers, sometimes into deep valleys, where the fragments are 
merely exposed to the ordinary action of rivers. 

Taking the general causes and movements of glaciers in the 
Alpe for his guides, the observer is enabled to infer how far 
glaciers would be found in other regions. M. Elie de Beaumont 
has pointed out,t that from the little variation of climatal con- 


* Professor Forbes, after quoting NT eae 


(glaclor boundaries), 
which we know that the Ruropean climate has not materially overpassed within 
historte times.""—Travels, &o., pp. 4%, #4. 

4 Professor Forbes mentions one of green slate, pushed forward by the glacker of 
Swartzbery, valley of Sans, and now left at a distance of about af small ftom the 
lacior by its retreat, estimated by M. Vencts to contain 244,000 cubic foot 
ones, if ewan Seve aess ths tos, soil wen ao tos nex 1,90 oe 

Senne ee lbp points do Is "Théorie des Glaciers, Aunntes des Sciences 
Gs pra ae ed ‘He observes that glaciers being due to annual and not merely to 

diurnal conditions, Mere coal be only perpetual snows, nud not glnciers, under the 
Gcyuntor, whore the variations of tomperatare are snly diumal. 


i 
=, 
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the great range of the Himalaya, but several are now known. 
‘The height of the lowest part of the Pinder glacier is estimated sit 
about 11,300 feet above the sen, and that of the Kuplinee glacier 
at 12,000, which, the height of the perpetual snow line near them 
being considered at about 15,000 feet, would give a glacier descent 
of 3,700 feet for the former, and 3,000 feet for the latter.* The 
lowest part of the glacier of the Ganges is 12,914 feet above the 
sea, according to Captain Hodgson. 





* Captain Strachey, Bengal Engineers, Jameson's Edinburgh New Phil. Journal, 
‘vol, xliv,, ps 119, and Journal of the Asintic Soctety of Bengal, No, viil., p. 704. 
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ARCTIC GLAGIERS REACHING THE SEA.—NORTHERN ICEBERGS AND THEIR 
EPPECTS.—ANTARCTIC GLACIEES AND GREAT ICK BABRIER,—GROLO- 
GICAL EFFECTS OF ANTARCTIC 1CEBERGS.—GLACIERS OF SOUTH GROROLA, 
— GLACIERS OF SOUTH AMERICA.—TEANSPORT OF DETRITUS BY RIVER 
ICK,— GEOLOGICAL EFFECTS OF COAST 1CK,—EPFECTS OF GROUNDED ICE- 
DERGS,— GENERAL GEOLOGICAL EFFECTS OF 1CK. 


Proceepme from the temperate parts of the world, where lands 
rise sufficiently high into the atmosphere to obtain a constant 
covering of snow, and the fitting conditions permit glaciers to 
descend amid the adjacent valleys at lower levels,* to the Arctic 
and Antarctic regions, we find glaciers not only covering various 
portions of land, but jutting into the sea, the line of perpetual 
snow having descended towards its level: If the observer will in 
imagination, and by reference to the view of part of it previously 
fiven (fig. 84), fill up the valley of Chamonix with sea to the 

ight of about 4000 fect above the village of Chamonix (3,425 feet 
above the sea), and, therefore, so that the perpetual snow line 
descended (in round numbers) to within about 1,000 feet from the 
sea lovel,+ it will readily be secn that numerous glaciers would jut 





* In the} the conditions for the thon of would: to 
ro sitions Meets product ean appear 
bate, line for the Alps, the altitude 
i above the the 

ns fon ne the snow 
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from the increase or decrease of the mass of the glaciers, 
the needful climatal changes. If we now add wave and breaker 
action, and tides, it will be scen that there would be a tendency to 
Ber reine porto of ae ee 
broken away by the one and the other, more particularly when 
ga MCheeT wins ei by shea EE Sietoaaee aCe 
upon the land, before the protrusion seaward wus effected. Great 
masses of ice would thus be borne away, supporting their moraines, 
Ceased stared 8 at present. 

This imaginary case may be considered as realized, from the 
Seas cproucti ed the perpereal snow line to the sea, with certain 
obvious modifications, in portions of the Arctic regions, Glaciers 
formed, necessarily, ut minor altitudes above the yea, there descend 
to the shores in various situations, as, for example, in parts of 
Greenland and Spitzbergen,* even advancing beyond them, so that 
their extremities become eoparated and are borne away by tidal 
streams and sea-currents, the masses of ice often loaded with the 
fragments of rock detached from the cliffs and heights amid which 
the gluciers moved outwards, as in the Alps. Let a, b,¢)d, and ¢, 
(fig. 90), represent the section ofa portion of coast, partly beneath 
the level of the sea, and partly along a ravine or hollow, in which 
a glacier, f, g, ¢, h, finds its way outwards to the sea, #, so that at 


Pig. 00, 





4, it has a tendency to float at its extremity, from its relative 
specific gravity, as regards the sea, and it should be recollected 





* With respeot to the alternations of temperature productive of glaciersy it would 
‘appear that in there regions there is no want of the needful alternations of frost and. 
‘thaw. CRT ath Bint i the summer months is considerable, 
See three ios ile the wghte arw-sommacehy ald Wiccan Trev 4 
oss fects ental ope crite strong acutely wis pera ee aa 
knows. The tompersture of the warmest months at Spitebergen is estimated at 
‘34S, and the longest day laste four months, the northern portion of these Telands 
‘being within 10° of the North Pole. — 
2 
= » Re, Like 
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that glacier ice would sink less deeply in sea than in fresh water, 
And let ¢ be the level of ordinary high water in a tidal sea, and ¢ ¢! 
the difference of level between high and low water. The ordinary 
glacier movements and their consequences would go on uninter- 
ruptedly, as in the Alps, allowing for the modifications due to an 
Arctic climate, from f to g, where the sca level cuts the coast and 
glacier; while from g towards d, a change in the polishing, groov- 
pep eonting of the rocky sides and bases would gradually be 
as the final floating of the ice removed its pressure from 
them, Still much of the polishing, grooving, and scratching would 
take place beneath the sea level, and the fragments which muy have 
fallen between the glacier and its sides, or through crevasses of 
suflicient depth, while above the level of the sea, would be 
out beneath the ice under that level, accompanied by the finer 
detrital matter, derived in the manner above mentioned (p. 221), 
and borne away in mechanical suspension by glacier rivers, As 
the ice moved seawards, instead of the terminal morino of an 
inland glacier, the blocks and fmgments of rock of the lateral and 
centril moraines, should there be such, would fall over into the 
sea, accumulating in different ways beneath it, according to the 
depth of water and configuration of the coast. It is assumed, for 
illustration, that at d such blocks do accumulate. With 
to the finer detritus, instead of being removed, amid dry land, by 
running waters, as in the Alps, its outward movements by such 
means would be checked at the sea level, 4, with the difference due 
to the fall of tide ¢', Its further course outwards would depend 
upon the specific gravity of the water loaded with this matter in 
mechanical suspension, and the general motion of the glacier. 
We have seen that the turbid waters of the Rhone readily sink 
beneath the clear water of the Lake of Geneva, ing over the 
bottom (p. 44), and we should anticipate, from the melting of the 
glacier in the sea, and the consequent less specific gravity of the 
latter, that the turbid waters under notice, finding their way 
beneath Arctic glaciers in the usual manner above the sea level, 
would also be discharged outwards beneath the glacier. Taking 
all the circumstances into consideration, there would appear much 
lity of the finer detritus finding its way beneath the glacier 
into the sea, to be distributed over its bottom according to eon- 
ditions, tidal streams and sea currents producing their usual effects, 
Along steep coasts, such as those of Greenland, where. glaciers arc 
so common, much mud may be thus distributed under the deep 
water which usually adjoins them, and into ia cabal sien oe 
a 
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fragments of rock, sometimes of considerable volume, would from 
time to time be discharged, 80 that the resulting mixture would be 
@ clay without apparent stnitification, amid which fragments of 
rocks, of very varied form and volume were dispersed. : 
The transport of fmgments by glacier ice, the latter jutting ito 
the sea, does not cease in the cold regions of the globe with the 
extension of the glacier itself. Not only is the glacier subject, at 
its seaward extremity, to the breaker action, which observers in- 
form us undermines its base, and finally brings down huge fiag- 
ments into the water, but also to the pressure of tidal streams or 
sea currents, and to the fracturing influence of the up-and-down 
motion produced by the rise and full of tides in tidal seas. Some 
of the masses of ice thus broken off and and floated away, as at m 
(fig. 90), with any load of blocks and minor fragments of rock, 
which in the ordinary inland glaciers of temperate climates might 
be carried towards the terminal moraines, would contribute, as 
ate (fg. 90), by their melting, and during a long lapse of time, 
no small amount of blocks to be dispersed amid the clay or mud, 
even of deep waters, such 2s those in Baffin's Bay. 
Greenland has been considered as a mass of land nearly covered 
by perpetual enows and interlaced with glaciers, many of the latter 
protruding beyond the ordinary coasts into the sea. ‘Their sea- 
ward extremities are well known, after having been detached from 
their main masses, to be flcatod away, ofton bearing fmagments of 
rock in and upon them, even to and beyond Newfoundland.* Tn 
the western and mountainous part of Spitzbergen, glaciers reach: 
and protrude into the sea, exposing iee-cliffs from 100 to 400 feet 
in height. A little northward of Horn Sound, a great glacier is 
noticed as occupying 11 miles of the sea-coast, the highest portion 





* The current from the northward boars m mast of ice with it to the southward 
slong the east coast of Greenland ; sea foo, a8 well as the glacier ioe noticed above. 
‘he ioe is described as somotimes extending across frem Greenland to Toeland ; polar 
bears being occasionally ice-borne to the latter, where they commit great havoc until 
deatroyéd. The accumnalation of ice is stated to extend occasionally from 1) to 169 
miles, sonwards, around Cope Farewell. Tis movement thence is described as nocth= 
ward to Queen Anne's Cape, passing afterwards to the western side of Davis's Stealt, 
gad from Cape Walsingham (Camberland [sland) along the American shore to New+ 


Mr. Redfield (American Journal of Science, vol, xlviil, 184) gives a valuable 
chart, illustrative of a paper, on the Drift ice and Currents of the North Atlantic, 
the gonorl quantity of driftice, it la stated to vary considlermbly. * It is 
yoon as early in the year as January, und seldom later than the month of 

August, From March to July is ite most common season. It is found most fro 
quently to the west of longitude 44°, and to the eastward of longitude {2°, but leer 
‘ergs aro sometimes met with ss far custward as longitude 40°, and in some Fare cases 
‘even still further towanls Europe,”—p. 373, 
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rising in a cliff of 400 fect above the water. On the east coast of 
North-East Land great glaciers are also found. 

M. Ch. Martins* mentions that the glaciers of Spitzbergen are 
commonly even and not much broken, and that the ice resembles 
that of the upper glaciers of Switzerland, pointing out that of 
Aletsch as a good illustration of the Spitzbergen glaciers. There 
are lateral, but no central moraines, the former proceeding with 
the glacier to the ses.f The cliffs of ice rising above the sea he 
estimates, as previous observers have done, as varying in q 
from 30 to 120 metres (98 to 393 English feet), and he states, 
the seaward terminal portions of the glaciers rest on water. Ren 
2 ad erode Real pa ae laciers, he esti- 

the difference between ‘he foot and the eammit of a Bell 

Bound glacier at 1,150 foot and its slope at 10°, ‘The principal 
glacier of Bell Sound is also stated to be nearly horizontal, in con- 
sequence of its great length. M. Eugene Robert, who likewise 
visited remarks on the destruction of the ice by the 
breakers, and considers that where this is not effected, the masses 
of ice are very stationary. M. Durocher, who has also visited these 
lands, observest that the glaciers do not there rise more than from 

1,300 to 1,650 (English) feet above the sea; the snows above not 
taking the character of névé, being too much elevated above the 
needful conditions for its 

‘The masses of ice detached from the land, floating about, and 
commonly known as icebergs, are sometimes of very considerable 
dimensions, ‘The accompanying (fig. 91, p. 230) is a view of one 
soon by Sir Edward Parry§ in his first voyage, and is interesting, 
not as showing the magnitude of this mass of ice (the far 
wreater portion being concealed beneath the sea), but also as ex~ 
hibiting something of its structure. It may be here observed, 





* Obseryations sur Jos Glaciers du Spitzberg comparde & ceux de Ia Suisse et de Ia 
brn Bull. de ta Soc, Géol., vol, x1, 1540; Bibliothéque Universolie de Geneve, 


I" Haein sho mori of Satngn, Martins observes that the bases of 


} Mémoire eur la limite des neiges perpé! races, was cio Sele, ‘com: 
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that such masses of ice, remaining, as they are often known to do, 
stranded for a long time in some high latitude, might become 
covered with snows, marked by alternations of frosts and thaws, 
and even frozen rain, so that their upper parts may be in the 
condition of névé, thus covering over the remains of cld moraines, 
resting on more ordinary glacier ice, Indeed, as respects the latter 
itself, in regions where the perpetual snow line closely approxi- 
mates to and even cuts the level of the sea, we might expect the 
névé condition more and more to prevail, and it has been con- 
sidered that icebergs are frequently of that character. 
Fig 91. 





The northern icebergs may be regarded as the great carriers of 
rock fragments, often of a great size, from the lands where the 
bergs have been formed, as portions of glaciers, over a part of the 
Northern Atlantic, distributing them upon the bottom in various 
directions, and upon parts of it to which no other cause now con- 
tributes detritus.* Blocks and minor fragments may even be thus 
dropped upon bare rocks beneath, and upon every kind of in- 
equality. Should a constant supply of block-bearing icebergs, 
regurding the subject generally, be thrown into any constant eur- 
rent, corresponding lines of deposit would result, assuming the 
melting of masses of ice, of various sizes, at different times and 
distances during their progress in such current ; these lines having 
no reference to the form of the bottom, or to its modifications from 
any other deposits accumulated now, or at previous geological 





* My. Couthouy mentions an iceberg, with apparently boulders upon it, a8 low 
down as latitude 36° 10° N., and longitude 39° W. The same author states thet he 
had ofien mot with iocherge between the parallels of 96° aud 42° N., in his voyages tor 
‘and frvan America and Europe, Aumericun Journal af Sclewce, vol. aif, 1962, 


the termination of the glacier, Sir James found the largest aggre- 
gation of icebergs, evidently broken from it, he had ever seen 
ae Glaciers are also noticed by Sir James Ross 

as descending from the Adminilty Range (mountains 7,000 to 
10,000 feet high) in Victoria Land, and projecting many miles 
into the sea, bare rocks in a few places inland breaking through 
the covering of ice. As in the arctic regions such glaciers may be 
expected to bring down with them those fmgments of rock which 





* Mr. Couthouy (American Journal of Science, vol. xlith., 1842, p. 199) mentions 
evn in eee) arg ere goo hater ig of the 
Great Bonk of Newfoundland, sud 


soundings three miles inside a Sot Cee ee A fresh wind 
from tho eastward kept forcing it on the bank, the sea eansi Gre 
noise. On Nant ate 


discoloured by mad worked up from beneath. Above water the iceberg was 0 to 70 
foot high, and about 1,200 feet long. It suddenly fell over on ite aide, with much 
disturbance of the sea. 

F AlUough glaciers are s¢ common in Tesland, they donot eppear setually 10, 
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can fall upon them, to grate over the hard rocks on which they move, 
and to aid in contributing fine detritus to the adj 


character of so much of the great southern land as has been seen, 
we should expect that, as in Iceland, volcanic eruptions and the 
heating of the ground would occasionally produce the sudden 
melting of snows, and descent of the water, which could remain 
fluid sufficiently long to find its way to the sea. In this manner, 
not only the transport of ashes and cinders, and the larger voleanic 
substances vomited out of craters, may be moved to the lower 
ground, or into the sea, but also the frgments of rock which might 
hhaye fallen upon snow or ice from any cliffs or steep places wher- 
ever atmospheric influences could detach them; not forgetting the 
effects of curthquakes (so common in great volcanic countries) 
upon the glaciers and snows, especially in localities where great 
avalanches could be produced. 

‘Though from its general mode af occurrence, the great icy 
barrier of the antarctic regions might not, at first, appear any im- 
portant agent in the transport of mineral matter, it has been found 
that, under certain conditions, portions of the ice, detached from 
it, may bear no inconsiderable amount of mud, sand, and rock 
fragments of various sizes into milder climates, depositing their 
loads over the bottom of the sea upon which they may be carried. 
‘This icy barrier presents a very singular appearance, stretching 
over m vast distance, with ice-cliffs rising from 150 to 200 feet 
above the sca, lange fragments of them and minor pieces of ice 
floating in front of it, as shown in the annexed view* (fig. 92), 
representing a great detached mass in a long creek or bay in the 
barrier itself, From the relative specific gravity of the ice and 
sea-water, the former necessarily descends from beneath the level 
of the sea to a depth which might be'estimated if the ice were of 
a uniform kind, with a known specific gravity. This is, however, 
far from being the case, for the layers of which it is com 
would appear to present somewhat the character of the névé of the 
higher parts of glaciers in temperate regions, being formed of alter= 
nations of snow, sleet, frozen mist und rain, with the refreezing of 





* Taken from Coptain Wilket’s “ United States’ Exploring Expedition,” vol. tl. 
‘Tho vessel represented i the * Peacock,” which hed boon driven against this groat 
tusas of ioe. The view will at the same time afford an idea of the grent barrier itself, 
which would be but an extension of a similar range of ico-cliffe, A long Illustrative 
view of the great antarctic ico-burrior is given in Ross's “Voyage of Discovery and 
Hesearoh in the Antarctié Regions," vol. 1. p. 232, 
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portions which in the summer months may be thawed at times by 
the influence of thesun.* As detached portions of this barrier were 
found by Sir James Ross aground, 60 miles from its main edge, 
and 200 miles from Victoria Land, in 1,560 feet of water, the ice 
was there at least of that thickness, 





'The depth of water obtained not far distant from the barriert 
would show, as Sir James Ross has observed, that much of it must 
be upborne by the sea, and not rest on the sea-bottom, however the 
general mass may be held fast by adhering to land, or by reposing 
upon mud, sand, gravel, or solid rock, at minor depths, It will be 
obvious that the ice must be limited in depth by the temperature 
of the water to which it descends. We have seen (p, 96) that at 
the depth of 4,500 fect, the most dense water, with its temperature 
of 39° 5, appears to remain somewhat fixed in these regions, the 
waters of the upper parts of the sea necessarily varying in tempera- 
ture according to the season, In January (1841), consequently 
in the summer of that portion of our globe, Sir James Ross found, 
about 12 or 14 miles from the barrier, a temperature of 33° at a 
depth of 900 feet, one which could not fail, widely spread beneath 





. Fite is Zeon Rows destbe gigas icicles depending from the projecting parts of 

low-<litth, proving that thaws sometimes took place, Notwithstanding that the the 

ry the observation (February 9, 1841) corresponded, as respects season, with August 
is Emgland, the temperature was ot 12° (Fahr.) and did not rise above 14° at noon, 

ae eee sen ee 'S., long. 190° 19° K.) w depth of 1,980 foot (330 

within «quarter of a milo of the barrier, the bottom green mud. Ife also 

Sbtalnnd 2,40 fot 400 falbows) 13 or 14 alles off ihe lay berrlr tm anotharelruslon, 

about 100 tiles from Victoria Land, the bottom being alo a green must, no soft that 

the sounding-load descended into 2 foot. “Voyage of Discovery and Research in 

the Seather and Antarctic Regions,” vol, i. 
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as we might expect it to be, to act upon the lower part of the 
great muss of ice descending into the sea.* 

Seeing that numerous and large masses of ice are * dle- 


tached from the great ice-barrier adjoining Victoria Land, 
floated off into milder regions, the question arises of whenee the 
peodial spply Se (iat one tials arene eee 
icy frontier to bound the barrier, and due allowance being made 

for the variation of seasons. The great thickness of the detached 


sufficient to supply the annual waste of icebergs at the outer edge. 


Such a movement, though very slow, would yet produce  cor- 
effect on the bottom of the sea over which this great 


semtching bare rocks and shingle beds, in the manner of a com- 
ion glacier, though over a far wider area. Shingle beds, produced 
by some previous condition of land and sca, might thus, as well as 
any supporting rock, be scratched throughout, pebbles moved against 
pebbles, in lines of a general parallel character, over very extended 
areas. 

Pasi various layers of which the ice-barrier is formed indicate 
accumulations from atmospheric causes, unless the melting of the 
bedst beneath was equal to the depcsit of snow, sleet, fog,§ and 





the sued 
Dottom (green mud) at 1,T40 foot (200 fathoms) to Lebel roe ere 
serves, than would bo obtalned at @ more considerable distance from the barrier, and 
showing the small influence of the mnss of ice upon the wen wi(foining it. 

+ Any outward motion of the great ice-barrlers, however slow, by Boshi 
of It forward which wero based on ruck, oF shallow sea-bottoms, Into 
their bases could be melted, would also tend to keop those parts flattoned Tent 
otherwise havea large amount of maw or ice accumulated upon them, supposing seh 
reeset pe cl eeponetion a alin 

Asrogards thoxo layers, Captain Willces (‘< United States’ Exploring Expedition /* 

yok.) otuerves, "thar 0 diferent bed, on the average 2 foot thick, were counted 
tm the largo iccbergs, detached from the main ice, and 30 im the smaller.” 
Ansming similar bods beneath the toa level, the whole would constitute no small 
‘mount of lee and snow accumulated in horizontal layers and beds, in parts supported 


£ Respecting fog, Captain Wilkes remarks, “that it may make, when fresan, ® 
marked addition to the ice accumulations, sinee he has kaown it frozen to the 
dopth of a quarter of an inch upon the spars and rigging of the ships in. a few hours! 
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rain (frozen upon its fall) above, there would be a continued increase 
of icy matter, The marked general uniformity in height of the 
ice-elifls, and the tabular character of the surface of the barrier 
inwards,* would point to some cause having an extended and 
uniform action, 9 modifying any accumulation of the kind as to 
keep the mass at a general uniform thickness. The 

of the sea at a fitting depth would appear sufficient to effect this, 
any addition from above to the general mass, so long as it plunged 
into water and did not rest on the sea-bottom, being compensated 
by the melting of the lower surface, pressed down by the increased 
aceurnulation above, 

Captain Wilkes refers the formation of the ice in the first place 
to ordinary field ice, upon which layers from rain, snow, and even 
fog so accumulate, that the mass descending, takes the ground, part 
of it wending outwards into deeper water, and floating when con- 
ditions permit.t 

Huge masses of this barrier, detached from it, float to more 
temperate regions, borne onwards by currents and prevalent winds. 
The accompanying sketch} (fig. 93) will afford an idea of the 


Fig. 93. 





tabulirchsbactax of numorctis iosborgebefore they have: Beet! such 
melted ingmore temperate climates, and also will show the stratified 
appearance noticed. Sir James Ross found many§ in about 


De ecaiesoreenceaity ectarenl of asttog over i Uo (abone 90 Cdk MEN), 
Sir James Ross the mass ns quite smooth in its upper part, and looking Like 
“ao immense of frosted allver.” 

+ Wilkes, “United States” Exploring Expedition,” vol. if. Respecting that portion 
Ottis tees whieh repoeds on te Votton Hensah tho Yoval ofthe see, we Bere site to 
Sense th att, fOr nay yslae Ak may dave, which may be dus ta|terrstial rs a 
beoesth, the grownd protected from great atmospheric depressions of tempermture by 
the mass of fce and snow above. 

$ Takes from Wilkors  Ualted Sates! Exploring Epeiiton,” vo. 

§27th December, 1840. Ei pestering Ses ‘They extend often avis 
similar tabular character, ‘to particular seasons, 

Saghe scheme eal ry oi ey ‘very 
Upon returaing from the untaretic regions in 1840, the 
‘Hifervat vss Wreaa of the Urinal uae Exploring Expedition saw the last ia 68° S,, 


ala 
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63° 30' south, rising with tabular summits to the height of from 
120 to 180 feet, several more than 2 miles in circumference. 
‘They were falling rapidly to pieces, and their course was marked 
by the portions of ice detached from them, 

‘ing the mode in which icebergs are separated from the 
main mass of the ice barrier, and from the few he observed near it 
during the summer months, Sir James Ross infers that they are 
chiefly detached during the winter, the temperature of the sea and 
the air being then so different, whereas it more closely approximates 
during the summer. He points to the great cracks, some many 
iniles in length, observed in the ice of arctic regions upon a sudden 
fall of 30° or 40° in the temperature, and more especially well 
seen in the great freshwater lakes, where the sudden rente are 
accompanied by loud reports. The unequal expansion of the ice 
exposed, on the surface, to 40° or 50° below zero (Fahrenheit), 
while beneath the temperature is 28° to 30° above it, could not, 
Sir James Ross infers, but produce the separation of large masses 
of ice. However little the action of the waves could affect a mass 

ling #0 low beneath the surface of the sea, we should expect 
that the influence of a rise and full of tide would be felt, tending 
alternately to lift and depress much of it, especially at spring tides, 
eo that supposing fissures formed, this very constant up and down 
movement would also tend to separate masses at the outer edge of 
the barrier. 

While numerous icebergs are but the detached portions of the 
great ice barrier, which have not rested on a sea-bottom, and 
therefore transporting no mineral matter to milder regions, beyond 
any volcanic ashes or cinders discharged over the icy arca, of 
which they may have formed a part, from such volcanic vents as 
Mount Erebus, and be intcrstratified with the layers of ice and 
snow, others carry onwards no small amount of mud, sand, and 
rock fragments of different sizes. We have accounts of some 
covered with such detritus, blocks, so found, weighing several 
tons.t The detached portions of the glaciers, such as those de- 





51° &y and 88° 8, They wore known to range so much northerly in 1882, that vessels 
bound round Cape Horn from the Facttis were obliged to put back to Chili for ® 
time, in order to avoid them, 

* Sir James Ross (Antarctic Voynge) mentions * thot having observed new-formed 
ice off Viotoria Land, covered with some colouring matter, a portion of the ice was 
melied and filtered, and an impalpable powder collected, considered as voleanie 
dust.” 

J Rom, “ Voyage in the Antaretis Regions,” vol. i. p. 173. Mr, observed 
mastes of rock embedded in an iceberg seen in Tat, St? 20° &., long 104° 50° W. 1,450 
miles from Tierra dol Fuego, and 1,000 miles from St, Peter's and Alexander's 
whence he supposes the ice to have drifted, One of the rock masses seemed. to show 
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eae ort ee Ainley cenge, woul sierpesied fe smapee 

which could fall upon them, as in the aretie regions, 
Peele ein inane wubcemacteae aon 
large icebergs which have rested upon the sexbottom are often 
capsized, so that the mud, sand, and pieces of rock adhering to 
them beneath are suddenly upturned, a very great change in the 
relative position of such detritus being in this manner quickly 
produced, Sir James Ross mentions one suddenly capsized off 
Victoria Land, bringing up a portion of the bottom 100 feet above 
the surlice of the sea, so that it was, for the moment, supposed tw 
‘be an island not previously scen.* In this manner detritus may 
not only be transported directly from the land upon detached 
portions of glaciers, but also the mud, sand, and stones of a sea- 
bottom be uplifted several hundred fect, and carried great dis- 
tances into milder climates} A somewhat constant supply and 
a general course of the floating ice, from currents and prevalent 
winds, would cause a vast quantity of the detritus, thus obtained 
and floated away, to be distributed over the sea-bottom ; mud, sand, 
and fragments of varied sizes mingled together. Though the finer 
matter would take longer to sink through the sea, and so far 
become strewed over the bottom more widely and in a more even 
form, enveloping various inequalities that may oceur (as well 
covering the tops as the sides, if not too steep, of submarine hills), 
the larger fragments would fall more irregularly upon and into the 
finer sediment, Submarine hill-tops would be os much covered 
by them as any depressions, and they would often be plunged into 


‘8 fac0 of about 20 square feot. When within half a mie of this iceberg, the tempera: 
ture of the air was 35°, and of the water 34°. The water to leeward of the ice was 
Ses than 4} miler to windwerd of the berg—‘* American Journal of Science.” 
wv i. 1842. 


p: 196. 
{Conn Wk ted hed Reping aption”) cmee tha be 


‘and Gree-quarters of a malle In clroumforence, in about 8° 36° 5. 

{Sie James Koss (* Antarotic Voyage") considers the bottom ax usually to be 
found in the Antarctic Ocoau at 12,00 feet. Inequalities to a considerable amount 
also exist. No bottom was oblained bya line of 24,000 fect in Intitude 68? 8 8,, and 
Jongltude 12° 49° W. 


| 


Land. This fine mud would not appear an uncommon sea-bottom 


* This mud seems, from tho soundings obtained by Sir Jamos Ross (“ Antaretio 
Voyage"), to be common for about 400 miles along the great ley barrier near Vietoria 


tht, in tho sightieth dogree, sll the surface ico carried along by the carrunts, 
shes of every bog, sd the bas ofthe grat Vietoria Barrer Ite within teed of 
the awelly, are tinged brown as if the polar waters were charged with oxide of from. 
‘s'As the majority of hove plants consist of very simple vegetable culls, eucloned in 
indestructible silex (as other Alpe ar in carbonate of lime), it is obvious that the 
death and decomposition of euch multitudes must form sodimentary deposit, yr 
portionate in their extent to the length and exposure of the const against which 
‘are washed, in thickness to the power of such agents as the winds, currents and sea, 
to certain: 


romains 
{ee-bouad shor, in the depts of the adjacent ocean, between 80 and 400 fathoms, Of 
Victoria Barrier the bottom of the ocean was pothole erin 
or green mud, composed principally of the siliceous celle of Diatomacer ; these on 


botiom froquently bore but a smal! proportion to dhe ino 

Respecting the distribution of the Diatomacae, Dr. Torker remarks (1p. $08) 
that many species are found from pole to pole, while these or others are proserrod 
fae foed! Yate tn suis of great untquity.  Thorels sls protebty stechaitere! 
tweon that of Spitzberzen and Victoria Land, where some of the species of either 
country do not exist: Iceland, Beitain, the Mediterranean Sen, North and South 
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distributed and be irregularly supplied with sand, stones, and 
large fmgments of rock, as the icebergs melt away and drop their 
loads of mineral substances.” 

Captain Cook long since (1777) made known the fact that, at 
the mountainous island of South Georgia, included between lati- 
tude 53° 57’ and 54°57’ S., glaciers descended into the sea, 
detached masses from which floated outwards, to be distributed by 
ocean currents and prevalent winds, in given directions, he 
following view of Possession Bay} (latitude 54° 5' 8.), in that 
island presents us with a glacier reaching the sea, the depth of 
which was more considerable than that of an ordinary sounding 
ine (204 fect) employed at the time, Captain Cook ‘ys, + ‘Phe 
head of the bay, a» well as two places on each side, was terminated 

Fig. 04, 








‘America, and the South Soa Islands, all posers Antarctic Diatomacae. ‘The aitlecous 
coats of species only known living in the waters of the South Polar ocean have, 
uring past agos, contributed to the formation of rocks, and thus they outlive soverel 
successive creations of organized beings. ‘The phonolite stones of the Rhine nnd the 
‘tripoll stone contain species identical with what are now contributing to form a sedi- 
mentary deposit (and perhaps at some future period a bet of rock), extending In one 

atratnm for 400 mewured miles. [allude to the shores of the Vietorin 
Barrior, along whose coast the soundings examine! were invariably changed with 
diatomaceous remains, constituting a bank which stretehes 200 miles north from the 
bate of Vietorin Rarrier, while the average depth of water above it is 200 fathoms, or 
1,800 feet.’ 

* As reapects sand intermingled with ico aud oarried away, Captain Wilkes men~ 
tions (* United Stator’ Kixploring Expedition ") « floating mass, composed of alternato 
Jayors of snow and Ice, the former mixed with sand. Upon this ploces of granite ant 
red clay were also found. 

(os ar ae Sean 213, of Cook's “ Vasage to the South Pole,” ato, 
1777. 


be 
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by perpendicular ice-clifly of considemble height, Picses were 

breaking off, and floating out to sea; and a great fall 
happened while we were in the bay (January 17, 1775), which 
made a noise like cannon.” He also calls attention to the bottom 
pepe cee ics ris eer eee ‘by glaciers eopplyiag 
an abundance of icebergs ; and it is infer that, from amid 
the mountain cliffs among which these find their way to the 
ye ac eng Pr er cel and deposited at 
the bottom of the sea, remote from South Georgia, Nota stream or 
a river could be seen throughout the whole coast explored, though 
it was visited in the summer of that region. Captain Cook also 
mentions bays full of glaciers, deecending from the heights of 
Sandwich Land, discovered by him upon leaving South Georgia, 
on the south-east of that island.” 

Quitting the far southern land and remote islands, the climate 
is such in Tierm del Fuego, although comprised between latitude 
52° 30' and 56° 8, (a range corresponding in the northern bemi~ 
sphere with the position and distance between Birmingham and 
Edinburgh), that the line of perpetual snow occurs, according to 
Captain King, at between 3,500 and 4,000 fect above the sea 
in the Straits of Magellan, and that glaciers descend into the sea.f 
Mr. Darwin states that on the north side of the Beagle Channel (a 
remarkable strait, running east and west across the southern part 
of Tierra del Fuego) the mountains are covered with 
snow, whence, in many placos, magnificont glaciers descend to the 
water's edge, fmgments falling from them into the sea, and floating 
about as miniature iccbergs.t He remarks that glaciers occur at the 
head of the sounds along the whole western coast of the southern 

* Cook's “ Voyage to the South Pole,” vol. fl, p. 224. He remarks aleo upon the 
fat surfaces, and even beights, of the icobergs in that region, some two or three sites 
tn clroumferenco, reminding us ofthe character of thove off the groat oo barrier near 


+ Mr. Darwin givos the following table of the ¢limate of Port Famine, Straits of 
Magellan, and of Dublin :~~ 





¥ Darwin, “Voynge of Adventure and Beagle,” vol. il. p. 263, 
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part of South America.* It would appear that as far north as 
latitude 48° 30! 8, glaciers advance into the sea, Eyre's Sound is 
terminated by glaciers descending from the range of the Sierra 
Nevada on the east. Mr. Bynoe saw numerous detached masses 
eee onan inset Sewer and 
upon one, drifting outwards, an angular block of granite, 
described asa cube of nearly two feet, partly imbedded in it, the 
ice thawed around.t Mr. Darwin directs attention to the occur- 
rence of a glacier at the level of the sea, even in latitude 46° 40° 
S., in the Gulf of Penas, reaching to the head of Kelly Harbour, 
pointing out that thus * glaciers here descend to the sea within 
less than nine degrees of latitude from where palms grow, less than 
two and a half from arborescent grasses; and, looking to the west- 
ward, in the same hemisphere, less than two from orchideous 
parasites, and within a single degree of tree ferns."} 

The transport of mineral mattor by floating ice is not limited to 
portions of glaciers, broken off where they have protruded into the 
sea, or to masses detached from great continuous ranges of ice, 
such as the barrier off Victoria Land. Rivers, in regions where 
the temperature descends sufficiently low, remove no small portion 
of such matter by means of ice down their courses, and coast icc 
distributes no inconsiderable amount of it in various directions. 
As regards the mode in which detritus may be conveyed by rivers, 
it may often be studied in our brooks and streams, when a sudden 
thaw suddenly fills them with water, lifting away ico which may 
bind gravel, sand, or picces of frozen mud together, by their sides 
or in shallow places. According to the relative specifie gravities 
of the detached portions of ice, stones, sand, and mud, will they be 
seen to move, some larger pebble, perhaps deeply set in its support 
of ico, tiling along, and leaving the mark of its passage on the 
bottom. Other portions will float more frecly onwards, some 
acquiring rotatory motion, and, by grinding against each other, 


* Darwin, “Voyage of Adventure and Bengle,” vol. lil., a, Mr. Darwin 


Hl 


4" Wayage of Boag,” vol tk, 35. Dir. Darvin calla atenton to thi 
bing tn. stud corresponding, tn the north, with that of Paris, and alto 
© Keoberg Sound,” as given in the charts still further north, 
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porting with some parts of their load, especially the heaviest, while 
here and there they become jammed in the narrower parts of the 


the year the time when the water supply is the least, and the 
river level the lowest, the fragments of rock, pebbles, sand, and 
mud of the sides, and shoal grounds become, as it were, a piece of 
the main sheet of ice, should it extend entirely over the river, or 
of such portions of one as may exist. ‘These are ready to be 
broken aff, lifted, and borne down the stream as the waters of the 


Situations; sometimes fragments of rock being curried to, and 
acournulated in, situations where the ordinary force of the river 
cannot readily dislodge them, and indeed sometimes be altogether 
insufficient for the purpose. We have various accounts of detritus 
so borne downwards; in rivers by means of ice. In the St. Law- 
rence there would appear to be good opportunities of studying the 
transport of mineral matter on the large seale. Captain Bayfield 


* It is while studying the effects of ice in the brooks and minor streams that an 
observer may sometimes soe the formation of ice at the botiom. M. Arago, whose 
attention this subject has engaged, remarks respecting It (“ Annanire du Burean dew 
Longitudes pour 1833," p, 244), that the movemont of these running waters mixes 


pont, the pebbles and other substances at the bottorn of the brook couatitute wo zany 
projections, ns {nm saline solution, and thus ice i formed upon them. ‘The toe thuk 
produced is spongy, frum the crossing and confused grouping of its erystals, the move. 
mont of the waler provonting en uniform arrangementof parts, ‘The fee accumulates, 
and gradually envelopes numerous pebbles and other substances, and will rive to the 
surfnce with ity mineral lond if the general specitic gravity of the whole will 
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has pointed out that there, where the temperature in winter 
sometimes descends 30° below zero (Fahr.), lange boulders are 
entangled in the ice, and carried considemble distances upon the 
surface of the water in the spring. Shoals are thickly strewed 
with them.* Conditions being favourable for keeping blocks and 
fragments of rock in the lower part of the river ice, thus carried 
onwards, und indeed often driven forwards rapidly, wherever the 
general masses grated upon any bottom, over which they could be 


water behind (and heavy piles of ice some- 
accumulate, obstructing the free flow of the waters), much 
and furrowing would be expected, according to the 
rege NP and of the iee-borne 
to the pressure of the mass of ice and detritus, and to 
velocity with which that mass may be driven upon the rocky 
or sheal, Fragments of rock, set in the ice, and griting 
against vertical cliffs rising from comparatively deep water, such 
as frequently occur on the bends of rivers, would also horizontally 
scratch and abrade the rocks, according to their relative hardness, 
the ordinary river action not removing these marks, though they 
may become obliterated by atmospheric influences at lower states 
of the river, especially where the cliff-rocks were composed of 
somewhat incoherent materials. Thus while some ice-supported 
boulders und fragments of rocks were grooving and furrowing 
the horizontal surface of « ledge of rocks at & (fig. 95), and others, 
encased in ice, wore borne down the river at the same time, 

and wearing away the vertical cliff at c, another collec 


Ft Hal 
Hh 
je 


scratched in their passage over hard ledges of rock, or over boulders 


in shallow water, in situations where such marks would not be 
removed by any attrition to which would be exposed under 
‘i with finer detritus, even 


* Bayfield, * Proceedings of Goolog. Soe, of London” (LSM), vol. Pa 
Rd 


livering themselves into the Arctic Sea, flowing as they do from 
milder into colder climates, present us with the conditions for the 
formation of ice sooner, and its continuance later at their 
embouchures than towards their origin. The effects produced 
are especially interesting, inasmuch as when, from the melting of 
the snows and ice on the southward, floods are produced, these 
miect with the obstruction of the ice towards the mouths of rivers. 
In consequence, it not unfrequently occurs that the resistance of 
the ice being suddenly overcome, it is violently upheaved and 


sediment, the conditions for the transport of which outwards 
would be increased during these sudden discharges of water. 
‘The crashing and jamming together of the broken masses of ice 
would be highly favourable to the seratching and scoring of blocks 





* Murchison, “ Geology of Russin in Europe and the Ural Mountains,” vol, 4., 
ih Me quotes M. enieigt as bellaies Messe ko beakers, Woe eos 
tons, entangled in the branches of pine trees, 0 or 40 foct above the lovel of the 


streams. Speaking of blocks of rock ice-borne down rivers, Sir Roderick Murehlsom, 
ofler noticing their modes of transport and deposit, remarks, that old drift feom me 
north may thus be brought back to the northward by the rivers, jp. 565, 
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‘When we consider the state of sca-consta in those regions where 


Upon the breaking up of this coast ice, which sometimes rests 
on shallow ground, and at others covers deep water, we should 
expect much grinding of the masses on the shore, seratching and 
grooving the sides of cliffs and shallow rocky bottoms, when 
shingles or other fragments of rock are frozen into the ice, 80 as to 

into ith the one or the other.* The foree 


ing them heavily against bare rocks, but also beaches 
before them, grinding the and boulders ‘each other, 
and upon rocks, by which both may be scored and marked. 


possess of the northern seas of America, Europe, and Asia, he will 
find enough to show him that portions of beaches may readily be 
removed upon the breaking up of ice from the coaste, and be 
transported to other situations, where, upon the melting of that ice, 
they may be thrown down in depths amid any fine detritus there 


grinding against the cliffs of Scandinavia, polishing and scratching the rocks according 
to thelr ‘and pouitlon, dhe elit scratched in horizontal along the fiords 
and in other simitinr 


at 
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accumulating. Should any of their component pebbles or fragments 
of rock have been 0 acted upon as to be scratched before they were 
thrown down, they would retain those marks amid the fine deposits 
in such depths, As ice adheres to coasts in many localities during 
winter, upon which, from the ordinary action of the sea on shores, 
breakers throw whole and broken shells of molluses and other 
marine animal remains during the summer, these remains would be 
liable to be entangled in portions of beach removed by the ice, and 
be scattered over various depths of water, in the same manner as 
the transported mineral matter, and thus the remains of littoral 
molluscs, often in fragments, may be dispersed amid a mixture of 
tnd, ta jorbumo bleeks, and femme of ode gtaren ine 
deep water. 

Ta tidal seus uccount hus to be taken of the movement of ice in 
estuaries, and in those long deep loughs or arms of the sea, in Nor- 
way termed fiords,* up and down which the flood and ebb tides are 
felt according to circumstances, Const ice, borne backwards and 
forwards by the tide, and having pebbles and fmgments of rock so 
set in it that they can grind upon or aguinst bare rocks, spread 
horizontally or rising vertically, or nearly so, in the estuaries and 
fiords, could scarcely fail to become an instrument of importance in 
the scratching and grooving of such bare rucks, these markings 
being also, cepecially in the case of the cliffs, not easily removable. 
This action continuing through many successive ages, cortain kinds 
of rocks might, in favourable localities, retain marked scratches and 
greoves thus produced, independently of the influence of winds 
driving the fractured coast ice about against lines of coast, upon the 
breaking up of such ice. Fragments of ice and any mineral matter 
they may sustain are thus piled up at the bottom of bays or in 
shoal water, a combination of a heavy on-shore gale of wind and a 
spring tide leaving many a fragment of rock in a situation whence 
it could not readily be removed under ordinary circumstances. 

No small amount of rounded boulders and pebbles of various 
sizes may thus become strewed near coasts, or be mingled beneath 
deep water with the angular fragments which have either been 
transported by icebergs, broken off the terminal portions of glaciers, 


* Tho chennels which divide Ticera del Fuego into its many islands, and the Straits 
of Magellan separating it from the mainland of America, with the very numerous in- 
dontation» and channels foand between the cast ontrance of the Stralte of 
1) into whish glaciers often descend, und ice floats. 
appear to be frequently very deep and stecp-sided. In mid-chaunel, 
of Cape Forwont, Captain King found uo bottom in the Straits of Magellan with 
tine of 1,536 feet. 
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a7 
or which may have fillen from cliff’ upon coast ice, with the 
addition even of the remains of littoral or shallow-water molluscs, 
or of other marine animals, such as the bones of' fish, whales, 
seals carried off by the coast ice. A good example of the 
of a block of rock by coast ice, so far from the polar regions as 
Denmark, is mentioned by Dr, Forchhammer, who states that one, 
about 4 to 5 tons in weight, and resting on the shore, was encased 
in coast ice during the winter of 1844, and carried out to sea with 
the ive in the following spring, leaving, as it movel scaward, a 
deep furrow in the sandy clay of the shore, not quite obliterated 
six months afterwards,” 


As modifying the accumulations which may be formed on the 
bottoms of seas liable, from time to time, and, sometimes, as a 
whole, periodically, to sustain icebergs grounded upon them, the 
observer has to bear in mind that not only may the icebergs, by 
being forced against banks, jumble together, and singularly mingle 
beds of clay and sand, even occasionally sddit 


from the general intensity of the cold, the icebergs could the longest 
Temain. Sir James Ross mentions that the streams of tide were 
‘so strong amid grounded icebergs ut the South Shetlands, that 
eddies were produced behind them,t so that, ax far us such streams 
were concerned, they acted as rocks, Navigators have observed 
iccbergs sufficiently long aground in some situations, that even 
mineral matter might be accumulated at their bases in favourable 
situations, while streams of tide may run so strongly between others, 
that channels might be cut by them in bottoms sufficiently yielding, 
and at depths where the friction of these streams could be ex- 
perienced. Much modification of sea-bottoms might be thus pro- 
duced by grounded icebergs, not forgetting those seasons of the 
year when many become joined together by ordinary sea-ice, con- 


* Forchhammer, “ Bulletin de la Société Géologique de France,” 1548. He observer, 
respecting the transport of blocks and pebbles on the coast uf Denmark by const ice, 
that although the latter envelopes the blocks and pobbles on the shore, to enable 
these to be borne away, it is necessary that the thaw or rupture of the foe should 
coincide with a rise of the waters, Kespecting blocks and fragments of rock borne 


a0 
by blocks, somo of which measured from six te eight cubic foot ‘The same diver 
affirmed that all the wrecks he had visited iu tho rondstead of Copentiagen werw more 
or less covered by rock fragments, 

Hosa,  Antaretio Voyage.” 


" 


ecare ining tbo rivers, 08 Pocbiriag 
sp acl mser dept sea, or as masses which, 
having been aground, capsize, and bring up a portion of the bottom 
sein they previously rested. Huge fragments of rock are by 
these means moved to distances from their i masses, of which 
no other known power, now in force on the surface of our globe, 
appears capable. It has been seen that glaciers increase and de- 
crease according to the variations of the climates under which they 
are formed. What the amount of that increase and decrease may 
be under the conditions now existing, und where glaciers have been 
noticed, seems not well ascertained, though the differences in their 
volume and extent would appear to have been greater than was 
once supposed, Be that as it may, they distribute rock fmgments 
outwards from mountain regions, these generally angular, unless 
ground between the glacier sides and bottom, the larger blocks and 
fragments remaining where the glaciers left them, while minor 
portions and finely-comminuted mineral matter are thrown into the 
torrents and rivers, to be disposed of by them according to their 
powers. River ice may carry detritus entangled in it, distributing 
the mincral matter over areas corresponding with their courses, 
and which may be sulliciently flooded by them, transporting many 
a block and fmgment which the power of the stream could not 
otherwise have moved. With the exception of rock 
which may have fallen from cliffs overhanging the rivers and ob 
afterwards have been rounded, which may have been broken ap 
from the sides in the manner previously noticed (p. 244), or which 
may have been left by some prior goological condition of the area, we 
should expect much of the detritus borne down by river-ice to be 
composed of the ordinary pebbles, sand, and mud of river courses 
‘The sea deals with any ice-borne detritus received from rivers, 
or from the coasts, according aa it is tideless or tidal, and o8 the 
portions into which these are carried may be in movement a5 sea 
and ocean currents, or the ice be acted on by the wind, Looking 
at the northern regions, where rivers of sufficient importance 
discharge themselves, carrying ice outwards, and coast ice is 
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common, it may be anticipated that much coast shingle, with 
yr ng omen togdirsmatidi a mani 


into the sea, and be mingled with remains of existing animals. ‘To 
these may be added angular fragments carried out by the ice of 
rivers, or borne by coast ice from beneath cliffs whence such frag- 
ments have fallen upon it, independently of those carried into 
parts of the eame seas by icebergs detached from the terminal part 
of placi 


Although the arctic seas are so shut in by the lands of America 
and Asia, a comparatively small opening (Behring’s Strait) only 
occurring between them, a space sufficiently wide exists between 
America and Europe, notwithstanding the interruption presented 
by Iceland, to permit the escape outwards of a certain portion of 
jee, We have scen that over the bottom of part of the North 
Atlantic blocks and fragmenta of rocks, with minor detritus, are 
now being strewed, without reference to its inequalities, In the 
antarctic seas very different conditions present themselves, Great 
rivers bearing ice-borne blocks and fragments of 1cks, with minor 
detritus, are not found. The land, now commonly supposed to 
occupy so large an area in the South Polar regions, supports little 
elec than water in its solid form, and the coast, for the most part, 
seems so encased by huge icy barriers, that common coast icc 
would there appear considerably limited, as compared with the 
arctic regions, in its power to carry off’ rounded boulders and 

i Such glaciers as reach the sca, transporting fragments 
from the inland cliffs amid which they may move, would appear 
the principal agents in carrying mineral matter directly from the 
land, allowing for a portion transported by coust ice. The ico 
aground off Victoria Land would nevertheless appear to have the 
power of transporting much detritus when broken up into icebergs 
and upset, strewing blocks and minor fragments, sand and mud, 
ever a part of the Southern Pacific. The South Shetlands, 
South Orkneys, South Georgia, Sandwich Land, and the lands 
more or less encased with ice between the South Shetlands and 
Victoria Land doubtless also contribute, by means of glaciers, coast 
ixe, and probably also, as capsized grounded ice, blocks und frag- 
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ments of rock (some rounded), sand and mud, to the bottom of the 
Southern Atlantic, and the ocean southward of Africa and Austra- 
lia. The southern portion of America adds its glacier-borne frag- 
ments, and thus, both on the north and on the south, portions of 
rocks, formed in the colder, are ice-borne, and left beneath the 
seas of the more temperate, regions of the earth. 


CHAPTER XIV. 


INPLUBNCE OF A GENERAL INCREASE OF COLD.—-MODIFICATIONS OF TEMIK- 
ATURE FROM CHANGES IN THE DISTRIBUTION OF LAND AND SKA— 
ERRATIC DLOCKS.—EFPECTS OF ORADUAL MISE OF THK SKA BOTTOM 
BIREWED WITH ICE-TRANSPORTED DETRITUS.—EFFECTS OF A BUPPOBED 
DEPRESSION OF THR BRITISH ISLANDS.—INCREASE OF ALPINE GLACIERS, 
— TRANSPORT OF ERRATIC BLOCKS BY GLACLERS.—FORMER EXISTENCE OF 
GLACIERS IN BRITAIN. —ELEVATION OF BQULDERS BY COAST 10k DURING 
SUUMERGENCKE OF LAND.—ERRATIC BLOOKS OF THE AL?S.—ERRATIC 
BLOCKS OF NORTHERN EUROVE.—ERRATIC BLOCKS OF AMERICA. 


‘Tue geological effects now due to ice being as previously repre- 
sented, it becomes desirable to consider those which would probably 
arise either from a general diminution of temperature on the 
surface of the globe, or from partial changes of that temperature, 
With respect to the first we have to look to some gener cause 
common to the whole globe. Whatever the conditions for the dis- 
tribution of temperature may have formerly been, we see that the 
influence of the sun now causes the heat of the tropics, and the 
different exposure of the polar parts of the carth’s surfiee to it, the 
great variations of seusons there experienced. Any changes of 
sufficient importance, therefore, in the influence of the sun, which 
should produce a corresponding change on the face of the earth, so 
that the line of perpetual snow, as it is termed, should descend 
lower towards the sca in the equatorial, and cut its level at less 
high latitudes in the polar regions, would materially alter the 
climates of many parts of the world. Geological effects due to 
ice would be more widely spread than they now are, and the 
equatorial space within which ico-transported masses of rock und 
other detritus cannot be borne, would be more limited. Glaciers, 
where they could be formed, would not only become more extended 
than they now are in certain mountainous regions, but ranges 
of mountains, amid which they do not at present occur, the line of 
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perpetual snow not descending sufficiently low, would contain 
them; 90 that, in the one case, mineral matter would be distributed 
by them over a wider area ; and in the other, over districts where 


would then be strewed over by them, where, at present, nothing of 
the kind is carried. Animal and vegetable life would be adjusted 
to the new conditions (that adapted to the colder climates of the 
earth moving more towards the equator), its remains, at least such 
as were preserved, spreading over those of the animals and plants 
which flourished in the same regions under higher temperatures. 

‘The like general effects would be expected if, without supposing 
a diminished influence of the sun, our whole solar system, moving 
through space, should pas from the temperature now inferred to 
be that of the portion amid which that system takes its course 
(p: 206) to one less high. .And it may well deserve the attention 
‘of the geologist to consider the eflects which would follow such a 
change, even to the amount of a few degrees, as commonly 
measured by thermometers. In his observations on the distribution 
of masses of rock, apparently ice-borne to their present positions, 
and about to be noticed, it is very desirable that he should 
the subject generally as well as locally, so that, whatever may 
eventually appear the right inference to be drawn from the fiets 
recorded, such as may bear upon the former should not be omitted in 
the search for the latter. As regards the evidence of many climates 
haying remained much the ewme, with certain modifications, during 
those comparatively few revelutions of our planet round the sun, of 
which we have any records, and from which we may infer that the 
climates: gonorally of tho surfaco of the globe have not. suffered 
material alteration since the historical period, as it has been termed, 
the geological observer will soon perceive that he is forced to ean 
sider it as affording him very limited aid in his inquiries respecting 
the former climatal conditions of the earth. 

The present different conditions as to the production of ice 
capable of transporting mineral matter, in the manner above 
noticed, in the northern and southern cold regions of the globe, 
are sufficient to prove that partial changes of great importance may 
arise from differences on the surface of the earth itself. Ey 
experience in geological research will show the observer that he 
has to consider the surface of the carth to have been in an unquiet 
state from remote geological times to the present, and that while 
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he #0 often stands, amid stratified deposits, on ancient sea-bottoms 
now ¢levated to various altitudes above the ocean level, many # 
region shows that its aren has more than once been beneath that 
level and above it, Thus, although a mass of land may now rise 
above the sea-level at the South Pole, separated by a broad band of 
ocean from other great masses of land to the northward, producing 
certain effects as regards the climate of that part of the globe, and 
the northern Hosted rey arvbegurisigaerrasce 
means follows that has always been the case, even in more 
Tecent geological times. If we change the conditions of the two 
polar regions, a difference of results is obtained of an important 
geological character. Mr, Darwin has skilfully touched upon the 
effects which would follow such a modification of conditions, 
and which require to be borne in mind in researches of this 
kind” 

In like manner any elevation or depression of a considerable area 
of dry land, which should raise parts of it above, or lower others, 
now above, beneath the line of perpetual snow, would produce mo- 
difications in the transport of mineral matter which could be effected 





gis anspor in imagination, parts of the soathern region to 8 corresponding 
latitude in the north, “On thit supposition,” ho observes, “ in the southern 


and parnaltical orchidew, would thrive amidst tho thick woods, Rvvon as far north oa 
ea eer io Rah be es Steg ins te flowers, and 


parrots ainidst the evergreen woods, wit the mountains woull be 
clothed down to the water's edge. Ne part of Scotland (only 
removed twice os far to tho eastward) an island “almost wholly 


part of Denmark. Along this whole line nearly every deep sound would end in ‘bold 
nd astonishing glaciers.’ In the Alps thomeclvos (with thelr altitude reduced by 
about half), we should find proofs of recent elevations, and oceastonally terrible earth= 


tearing hoap together 
inthe corner of the valleys. At other thmas, lecboryr, charged with no inconsiderablo 
blocks of granite, would be floated from the flanks of Mont Blanc, and then strandet 


under snow, and surrounded by walls of ice, so that acareely a living thing of any 
kind would be supported on the land"—Narratire of the Surrey ing Voyages of the 
Adventure and Beagle, vol, iti. p. 291. 


i 
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by ice, If the region comprising the Alps were raised 3,000 feet 
above its present relative level, the area fitted for the formation of 
glaciers would be greatly extended, many a valley would be filled 
pecs ely eecelan a Se 
filled or contributing at the present moment. Blocks and minor 
fragments of rocks would be ice-borne over, and left at distances 
from the main range not now attained; and, under the supposition 
it od pedigree Arm aie 2 
change in the perpetual snow line, whence the glaciers time 
took their rise. Many a ravine and mountain side would be 

and scratched not now touched by glaciers, and huge masses of rock 
be accumulated in heaps or lines, in localities where no ice now 
transports such masses, Assuming a depression of the same arciy 
if we tuke the present relative levels only into consideration, the 
transport of glacier-borne blocks and fragments of rock, with the 
polishing, grooving, and scratching of valleys and their sides by the 
moving ice, would be limited to the areas now occupied by glaciers, 
duly allowing for their extension and contraction within the range 
of the present climatal conditions, 

‘Thus, by the elevation and depression of large areas of dry land, 
very yuried conditions for the existence, extension, or contraction 
of glaciers, with their geological consequences, may arise, withoat 
reference to those duc to floating ice, ‘ing such as could be 
formed in great lakes, such as that of Geneva, for example, where 
effects similar to those observed in northern America would be 
produced. On the shores of such lakes coast ice would be formed, 
enclosing fragments of the rocks, and the shingles of beaches, to be 
borne away, should circumstances permit, if mised to an altitude 
permitting a depression of temperature suflicient for the production 
of such ice. There is also no difficulty in imagining conditions 
under which glaciers could protrude into large fresh-water lakes, 
carrying rock fragments with them, and having their extremities 
broken off and floated away with their detrital loads, under proper 
depths of water, as now takes place in the sea in the polar regions. 
Such masses of ice, though not moved onwards by streams of tide or 
ocean currents, would still be under the influence of the winds, 
to be driven to, and stranded in minor depths, where the ice could 
melt, and leave any blocks or fragments entangled in or resting 
upon them, 

With respect to the distribution of ice-borne blocks of rock upon 
lakes, Sir Roderick Murchison has called attention to effects which 
would follow the lowering of lakes in regions where ice could be 
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Saito Se we eam ee tettaor dpe ak 
itus.’ 

When the depression of an area of dry land, with the needful 
modifications of surfice, in climates where glaciers had been formed, 
‘was such that the sea entered amid the in which these streams 
of ice occurred, the change might or might not, according to the 
general climatal conditions produced, affect the glaciers. Should 
the change in the northern be of an order to introduce the climate 
of the southern hemisphere, it has been above seen (p. 240), the 
cold might be s0 increased, that Alpine glaciers became more 
extended, delivering icebergs into surrounding seas, 80 that, as 
Mr. Darwin has remarked (note, p. 253), they might float away, 
and be stranded on the Jura, then an island minge. 

Hitherto we have regarded these alterations of level as slowly 
produced, so that the changes, of whatever kind, were grudual, 
causing no sudden alteration of conditions. This, however, ix fur 
from necessary in geological reasoning, there being evidence con- 
nected not only with actual mountain ranges, but also with many a 
distriet wherein the rocks are broken and contorted, which would 
lead us to infer, with every allowance for the repeated effects 
resulting from the multiplied application of minor forces, that con- 
siderable forces had often been somewhat suddenly called into action. 
‘The waves produced during the disturbances of the land, known to 
aw as earthquakes, and which will be noticed hereafter, are sufficient 
to show how, in that mode alone, glaciers, protrading into the sea, 
or great lakes of fresh water, may be lifted at their ends, and their 
fragments, with any load of detritus they may sustain, be whirled 
about and stranded in unusual situations. Greater waves would 
produce greater results, and when we unite them with land suddenly 
depressed beneath the sea-level, even only a few hundred feet, in 
such regions as those of Victoria Land and South Georgia, or of 
Greenland and Iceland, we have the means of removing ice and 
producing a complicated mixture of blocks and minor fragments of 
rock of great geological importance. In like manner, the sudden 
elevation of land, covered by snow and glaciers, if accompanied by 
the transmission of heat through fissures then formed, or by the 
increased temperature of the supporting mineral matter from the 
protrusion of igneous rocks among it, so that the snow and ice were 
suddenly and in part melted, would be productive of no slight 
geological effect, more especially if the glaciers of the land so acted 
Oo sa a saat 
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Huge locks of rock, often angular, are found scattered in such 
4 manner over parts of the northern portions of Europe and America, 
and again in part of South America, and amid and around moun= 
tainous regions, such as the Alps, that, comparing their mode of 


understanding, particularly as respects the northern hemi- 
of the manner in which they have been accumulated. 


omploy much caution as respects their origin. ‘This is especially 
needed where the dykes or veins of the igneous rocks may have 
decomposed, as often happens, in an irregular manner, 0 that 
portions of the more unyielding, or harder parts, are scattered about, 
while traces of the softer are not easily found. From the liability 
of cartain igneous rocks to decompose in spheroidal forms (Gig. 2, 
p. 3, and fig, 7, p. 9), auch blocks will sometimes present the fillse 
appearance of having been munded by attrition, as if worn on some 
coast. Let, for illustration, a, 6, be a dyke of greenstone, liable to 


Fig. 96. 
3 





unequal decomposition in different parts, at a decomposed in sphe- 
roidal portions, then during the loss of general surfitce upon the hill 
side ef, the harder parts of the disintegrated portion, @ e, might 
fall over towards &, and present the appearance of rounded boulders 
of greenstone resting upon some other rock. Again, on the other 
side of the hill, fg, there might also be angular fingments of rock, 
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AA, detached from the harder beds above them, during a loss of 
matter from an old surfuce, f &. This kind of precaution has 
frequently to be taken in granitic regions, the blocks of granite often 
Sie iraadsndabaateon’ vols to gece tistagpeaeaed 
: te 
netente present the appearance 
‘The tendency to decompose in spheroidal forms has also to be 
sometimes well considered when it is inferred that such rocks, even 
when they are true erratic blocks, have been rounded by attrition 
before they were ice-transported. A block of granite, for example, 
such as that represented beneath, a (fig. 97), though now rounded, 
Fig, 97. 
a 





may have becn transported in a more angular condition, the removal 

of the angular parts having been effected by decomposition, from 

atmospheric influences, since it occupied its present position. In 

this manner, rounded blocks of granite may be scattered down « 

mountain side, as in the following section (fig. 98), where granite, 
Fig. 9% @ 





¢, rising ina tor, d, above certain stratified deposits, 6, has fallen 
in blocks, down the slope, a large rounded block presenting itself at 
a. Although it may have so happened that such a state of things 
had been brought about by the motion ofa glacier, leaving lateral 
moraines (other fitting conditions obtaining), or by coast ice carry- 
ing blocks of rock, it still becomes needful to ascertain that such 
are not blocks fallen from the heights, and simply rounded by 
decomposition, which a jul examination of the granite at d, 
would aid in showing. 


Al 
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As under the hypothesis of cold having once prevailed in the 
northern, greater than at present, much of the land then 


ogre n jereohenpeatbanatetaet tery eg 
an upward movement of'a large portion of northern Europe, Asia, 

and America inferred, it becomes of no slight interest to see how. 
fur ice, in its various modes of occurrence, could be the means of 


inagnitude, there found. Assuming the submergence, it becomes 
desirable to see if its amount can be ascertained. ‘There is always 
the difficulty of knowing’ how much portions of rock, of various 
sizes, may have been rounded and left on coasts and in river courses 
over the older accumulations, anterior to this supposed ice or glacial 
period in the northern hemisphere. Giving this, however, its full 
value, we should expect, as the land rose and pierce |= 
came gradually elevated to that which we now find, that, under 
certain favouruble circumstances, glaciers which were previously 
cut off by the eea, floating away their terminal portions, might for 
a time become more extended over dry land, thrusting forward 
their moraines further than formerly, Thus the levels at which 
the remains of truc terminal moraines could be found, might not 
give the amount of submergence sought, even supposing that they 
could be fairly separated from other accumulations of rocks which 
they may more or lees resemble, Coast accumulations of the time, 
if they could be traced, would be more certain guides. 

Still assuming a gmdual dimppearance of ice, up to the amount 
now found in the northern regions, and consequently the entire 
disappearance of many glaciers on lands, such, for example, as the 
British Islands, where they are supposed to have occurred at the 
glacial period, the various moraines, as also the polished surfaces, 
grooves, and scmtches formed by the glaciers, would be gridually 
left to be dealt with by atmospheric influences, and the modifications 
and changes brought about by them, vegetation spreading over the 
land as the snow and ice disappeared. 

‘The land rising, and the deeper parts becoming more shallow, 
mud, previously beyond the action of the wind-waves moving on 
the surface, would be caught up in mechanical suspension, to be 
cartied to more quiet situations by streams of tide (in tidal seus), 
or sea-currents, where these began to act. The same with the 
other portions of the sea-bottom: fragments of rock, of various 
forins and sizes, thrown down from portions of glaciers, river ice, 
and coast ice, as they floated above and gradually parted with them, 
rising with the rest. While much fine sediment would be separated 
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from the larger detritus, as the wind-wave action became more and 
more felt, 30 that much of this sediment might be removed from 
amid the larger detritus, bringing the portions of the latter gradually 
into closer contact, it would be when the sea-bottom came within 


have been a tendency, under the old conditions of the ea-botion; 
to have glacier ies, loaded with rock fragments, or coast ice, bearing 
away shingles, boulders, and also angular blocks floated away in 
particular directions, dropping their mineral burdens in lines, upon 
that bottom, such lines, as it rose, would be preserved according to 
Sepa (ined daclag Sadr pda sone eas 


vo thut they would finally present the axpect of lines, often, when 

the blocks were very thickly thrown down from the ice, forming 

ridges, Such ridges would, however, be acted upon a 
s 
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during the rise of the land, so that detritus might be strewed upon 
them in the manner of bexhes, and thus.a complicated arrangement 
of parts be produced. 

about until the parent glaciers either disappeared or became 
separated from the sea, and the coast ice formed would become 
gnidually limited in its production up to its present odjustment. 
Various new modifications would arise from the formation of coast 
ice, a8 also from the river ice, us the dminage of the old land 
found its way amid the new land, with the rain and spring waters 
of the latter, to the sea. Many blocks of rock would be caught 
mp Rh amt de denne eer 
with the block on the coast of Denmark, mentioned by Professor 
Forchhammer (p. 247), and rivers flowing in certain directions 
might carry back blocks of rock towards their parent masses, 35 
noticed by Sir Roderick Murchison® in the manner that blocks are 
now moved northwards by the Volkof and Msta. 

Under the hypothesis, therefore, of lower 
companied by more sea, the bottom of much of which has as 
become dry land in the northern hemisphere, the observer hag not 
only to study a wide range of country for evidence of the land 
supposed to be originally above the water, variously snow-clad, 
and furnishing glaciers, the terminal parts of which, from time to 
time, floated away, with the coast ice and extension probably of 
ice barriers, but aleo the modifications which the old sea-bottom 
has undergone in its rise above the sea. Thus he would often 
haye to separate, and duly weigh, much evidence which might, at 
first, appear somewhat contradictory as to erratic blocks having 
been transported by land ico or sea ice—as to the polishi 

ing, and scratching af subjacent rocks by the one or the other, 
and as to the original arrangement and rearrangement of many 
detrital accumulations. 

Tt may be instructive to consider the effects which would follow 
the submergence of the British Islands, and of an adjoining portion 
of France, to 1,000 feet beneath the level of the seas which now 
surround and adjoin them. And it should be noticed that of asub- 
mergence to this, and even a larger amount at 2 comparatively 
recent geological period, there would appear good evidence. A 
glance at the accompanying map (fig. 99), which represents the 





* “Geology of Rusia in Burope and the Ural Mountains,” val. £., p, 565. 
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Fig. 99. 
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land that would, under this hypothesis, be above water, will show 
numerous islands and islets variously distributed." The largest 
amount of dry land would be found in Northern Scotland, and be 
divided into two main portions by a strait, now occupied by the 
low ground and lakes between the Murray Firth and Loch Linnhe, 
Off these principal islands there would be many minor islets, chiefly 
‘on the south and south-west, In Southern Scotland there would 
also be a patch of dry land, of some size, and in Cumberland and 
Westmoreland another; while a somewhat comparatively large 
island would extend, in a north and south direction from West- 
moreland, by Yorkshire into Derbyshire. In Wales there would 
be much land above the level of the sea, with many detached islets 
there and in some parts of England; among them the tops of the 
Malvern hills, which now at a distance present so much the ap- 
peanince of an island.t In Ireland there would be numerous 
islets, the chief island being formed by the Wicklow mountains 
and their continuation. From them, to the westward, many islets 
would rise above the sea, As a whole, the Trish islets would be 
principally gathered into two groups, one on the north, the other 
on the gouth. 

Taking this submergence, with a climate resembling that of 
Tierm del Fuego and South Georgia, so that such islands a8 were 
sufficiently high were enow-clad, glaciers would descend into the 
valleys, even occasionally reaching the sea, their terminal portions 
loaded with blocks and fragments, these floated off by the ice, and 
strewed over the bottoms of the neighbouring seas according to 
cireumstances. And respecting the heights of the islands, many 
would rise to sufficient altitudes for these effects to be produced, 
Lugnaquilla being still 2,039 feet above the sea, Ben Nevis 3,373 
foot, Skiddaw 2,022 feet, and Snowdon 2,571 feet, If to this we 
add the coast ice, with its effects as above noticed (p. 245), there 
would be no want of conditions for the distribution, by means of 
ice, of blocks of rock of various sizes and kinds, and of fragments 

* The ght portions of the map represent the parts of the present land, which 
‘would appear above water if it were submerged 1,000 feet; the next shade will be 

recoguizod as the present outlines of the British Islands ; the darker shade cor- 
rresponils with the depth of 60) foot (100 fathoms) around. these islands, and the black 
portion with the deeper oceanle waters, 

t Astudy of the Malvern district is not only interesting as showing how long the 
Malvern bills retained thelr insular character during the emergence of the British 
Ielands to their present relative level, but also as regards tho island state of the samo 
‘ills at a far more remote geological period, one anterior to the accumulation of the 
rocks commonly known to British geologists as tho New Red Sandstone. A detailed 


ancount of this district is given by Profesor John Phillips, “ Memoirs of the Geo- 
logien! Survey of Great Britain,” vol. ii., part 1. 
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of all forms over the area now presented by the British Islands, at 
various levels beneath that corresponding with an altitude of 1,000 
feet above the present sea level, While this was being accomplished, 
the formation of moraines, and the polishing, grooving, and 


be effected above that level, up to altitudes where glacier action 
of that kind could be then felt. At the sea level, and at such 
depths beneath it as its influence could be felt, coast ice would be 
the means of polishing, grooving, and scratching rocks exposed to 
its action; icebergs would ground, producing their effects, and 
such rivers us moved rocks hy means of ice would add their ice- 
detritus. 
A submersion of the British Islands to 1,000 feet beneath the 
present level—a change in the relative level of sea and land which, 
however startling it may be to those unaccustomed to geological 
investigations, the observer will soon learn to consider as one of a 
minor kind,—could scarcely fail to be accompanied with a sub- 
mersion of Various adjoining portions of Europe. It is not needful 
to infer that the relative change of level was of equal amount 
through a very considerable area, It may have been greater in 
some regions, less in others; but Ict this have been as it may, such 
a change would probably bring about a very material difference in 
the distribution of land and sea, as we now find it, Among other 


or const ice, and be distributed over the bottoms of the seas then 
on the southward of them, some even being drifted to the area of 
the British Islands, mingling here and there with their own ico- 
distributed detritus. 

Tn such changes, not only has the geologist to bear in mind the 
different distribution of sea and land, but also the modification of 
tidal action and sea currents effected, duly giving attention to the 
probable extension of coast-ice, even, perhaps, sometimes amount- 
ing to great icy barriers. Though some value would have to be 
attached to the influence of the outstanding group of islands and 
islets then rising above the area now more extensively occupied by 
the British Islands, the waves of the Atlantic would roll over a 


at 
present, somewhat more corresponding with the line of 600 feet 
now beneath the sea, around the British erica plans, 
fig. 65 (p. 91), and fig. 99 (p. 261). Taking, however, the pre- 
sent distribution of sea and land as a guide, and looking chiefly 


notice), we have to consider an increase of cold on the one side, 


perpetual snow over the dry lund, while the rate of its descent 
down any mountain range would depend upon the rate of submer- 
gence of the land. They might balance each other, Should the 
rate of decrease of temperature be more rapid than would be compen- 
sated by the submergence, pro-existing glaciers would increase even 
daring the descent of the land, and new glaciers would establish 
themselves elsewhere under the needful conditions. Assuming, 
however, the continued increase of cold, a time would come, even 
if the pre-existing glaciers did not much increase during the sub- 
morgence of the land, when those formed in Scandinavia could 
reach the sea, as now in Grecnland, distributing detritus by their 
detached portions bearing rock fragments to the adjacent seas. 
Looking to other portions of Europe with reference to this sub~ 
mersion of 1,000 feet, or thereabouts, it may not be uninstructive 
to consider the effects of the cold inferred upon the glaciers of such 
regions as the Alps, and the establishment of new glaciers in other 
mountainous districts where the needful conditions may have been 
produced. In the Alps the glaciers would increase, as they now 
do, under the influence of certain seasons; but instead of that de- 
crease which brings them back to a certain state from a modifica~ 
tion of the seasons in another direction, the increase would continue, 
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an extension of the sea from the Atlantic being not unfavourable 


ments, which would have been left in many a locality, or carried for- 
ward to the terminal moraines, would continue to advance with the 
augmented length and volume of the glaciers, until they were finally 
arrested in their progress by the conditions affecting the extent of 
the glaciers themselves. If the observer will study the occurrence 
of \ co a ghar ln a and adjoining 
onesie will perceive that the outward courses of existing 
glaciers would be greatly extended, while many a new glacier 
would contribute its ice to the general mass, sometimes carrying 
its own moraines, and at others modifying the courses of the main 
streams of ice into which it might merge. Witha change of tem- 
perature and of relative level of sea and land, which should bring 
down the altitude of the present line of perpetual snow in the Alps 
to that of Chiloe (between 40° to 43° S,, the Alps being between 
42) and 47°N.), it would descend about 2,500 feet, and with it the 
“chs Se ee ‘This descent of the snow-line being supposed 

the glaciers would advance as gradually, and the blocks 
derived from the present interior portions of the Alps would be 
moved onwards in front. Let, in the following scotion (fig. 100), 


Fig. 100 





a, 4, be the level of perpetual snow in a range of mountains amid 
which glaciers are formed, @, the extension of one of these glaciers 
under any given, yet needful, conditions; ¢ and f, mountains, just 
beneath the line of perpetual snow. If now the conditions so 
change that g / becomes the perpetual snow line, those for the pro- 
duction of glaciers continuing, the supply of the original glacier 
will take place at a lower level, while the ice which only extended 
to d, would be forced onward, on the same principle as the onli- 
nary, however temporary, increase of a glacier may be affected, 





$ The map accompanying“ Teuvas inthe Alpe of Soy,” Aa ty Profesor dames 
Hatton, news. his the glicion of i. ietrits wild ure vary earePly sera, 

will be found very ssoful for this purpose, and more expecially with reference to tho 
Inferred extension of glaciers down the valley of the Rhone to the dura. 
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With it any collection of blocks, thrust forward in the usual 
manner to k, would be moved onward, with the ice, to 2, and pos- 
sibly to m, the proper conditions prevailing.* With such increase 
‘a collateral glacier might come in from a valley o, between n and ec, 





* Regarding the extension of Alpine glaciers from increased cold, continued through: 
a certsin amount of geological hn to slepeo over wide ther ay ba Sods 9 
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M. Ete de Beaumont remarks that he does not know in the Alps any glacier which 
ates Pasesl any considerable extent, such as a Teague, with a slope much Lew 
than 3°, 
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the extension of a small glacier previously formed at p, or 
altogether new; and thus blocks and glaciers may descend against 
the extension of the main glacier tom. ‘The face of the Alps, as 
regards snow and ice, would be most materially changed by a 
descent of the snow-line, so as to be of about the same altitude as 
that of Chiloc, and a further decrease of temperature would neces- 
sarily still further extend the glaciers. 

Assuming a depression of this kind, the observer has to take 
into consideration the rise of the sea-bottom to the present European 
levels of sea and land, accompanied by an elevation of general tem- 

ture to that now found. As the land rose, beaches would be 

in various situations, showing the different alterations of the 
relative levels of sea and land. Should considerable pauses in the 
elevation of the land have taken place, these would be marked by 
lines of cliff, where the rocks could be sufficiently worn by the 
breakers. ‘The production of coast ice would gradually become 
leas, 20 that ite formation would cease in the southern Innds, and 
the glaciers generally would decrease, leaving their lines of moraines, 
and many angular blocks of rock, perched on the sides of mountains, 
as in the following sketch (a, 6, fig. 101), at altitudes corresponding 


Fig. 101. 





with the volumes of their transporting glaciers at the periods of 
their chief extension down valleys, where only a remnant of such 
glaciers may be now left at their higher extremities, or even, as in 
the British Islands, no portion of one may remain, 

‘The land continuing to rise, not only would the previous sea- 
bottom, with its varied accumulations (in some of which the remains 
of animal life would be entombed, often in regular beds of sand, silt, 


TRANSPORT OF ERRATIC BLOCKS (Cm. XIV. 
within the destructive influence of the 


ee eh ppm use only core of as eee 
the needful conditions, so transported mineral substances. 

From the interest which has been excited respecting the transport 
of erratic blocks, many of great volume, by means of ice, a mass of 
information has been collected, rendering the submersion of a 


The effects of floating ice have for a long time engaged attention. 
Professor Wrede, of Berlin, would appear to have been among the 
first to account for the erratic blocks on the south of the Baltic, by 
means of floating ice, there having subsequently been a change of 
level in that region, by which the sea-bottom became dry land.* 
Sir James Hall also long since referred to floating ice, combined 
Ce ee ee ES ee 
and its aid, under various conditions, has been 

of the transport of large and often angular Boeke ae from 
their parent masses to considerable distances. Though Professor 
Playfair long since (1802) pointed out glaciers us having been the 
means of carrying errutic blocks,t even (in 1806) inferring that 
those on the Jura may have been transported by the extension of 
ancient Alpine glaciers to that range of mountains, the subject 
engaged no great attention for some time. M. Venctz appears to 
have been the firet who, having had occasion to study glacier 








mle ar ranean the fi Sones 1d wash off portions of glaciers 
ithe a of toca ., me 


t Playfair, “ Tilustrations of the Huttonian Theory,” § 349. 


Cm XIV.) BY GLACIERS AND COAST-ICEy 269 
‘movements, subsequently (1821) took the same flew ;* one 


Asia, und Ameries, at » comparatively recent time, now form one 
of the usual objects of geological investigation. 
Sir Charles Lyell long since called attention to the distribution 


found scattered over various levels, if this sea-bottom were upmised 
and formed dry land.{ Subsequently (in 1840) after noticing the 
action of drift ice, charged with mud, and blocks of rocks, he 
pointed out the manner in which floating ice may, by grounding 
upon coasts or banks, so squeeze the upper layers of mud, sand, 


consequence of a visit to this country by M. Agassiz, in 1840, and 
upon the extension of his views respecting glaciers to the British 
Islands,}-+- that the former existence of glaciers in them has attracted. 


* Venotz, “ Bibliothtque Univeryelle de Gondvo;" tom. xxi., p. 77, and “ Denk- 
cree ns Someta 1 ad, Besky hy HRI. 
Da Gharponter, + Notlo wr te omnao probable Transport des BloceErrathues 
din Bulec, SAnnaloe don Muon ‘Sme Series, tom. vill., 1835 
Retaetey~ Atco Sas a ety Rosey ox Mets wien, Mesa? 
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Loumnno, 1541 
1 ie te le an 
Gpateresspaice hata) diettaace meta, ats and amociated: 
composing the wns lidh of Banara Nerfult, “Proonedings of tha 
dotletg of London” (Senuary, 1040), vol. ls wherein the contostons o on 
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amo EVIDENCE OF GLACIERS FORMERLY (ou xiv. 
attention. Numerous facts have since been adduced in support of 
Forbes, Mr. Darwin, and others.* The amount of submergence at 





Dr. Buckland (“ Proceedings of tho Geological Society of London,” vol,, fl. p. 392, 
1sioy in he pope On he llences ef Clalers In Scotland and the North of 
," points out localities which he infers show the remains of moraines near 


“De id thé Glacin-Diluvial Phanomens in 
Hpeicla abl ths oGtoaas pastel Wl (Deenter, 1841), * Proceedings 
of the Geological Society," vol. UL, p. 572, described the rounded and polished 

‘often accompanied by 


of @ or the Nautel or Lyful, 
Sir Charles Lyell, in his paper “On the Fvidence of the former 
existence of 2” stated that though, for several years he had 


incoherent strata of gravel and elay., sorte nges is entender ia 
ho had found difficulty in thas accounting for certain other facts connected with 


apyronch > the sate of things whieh must have existed. n Sooland during the 
eee down Forbes, in his Notes on the Topogenphy and Goleeaf s 





shed | He observes, respecting 

valley of © Coruisky that “ the gurfases of bypersthene, thus planed er ovesed, presmnt 
systems of grooves exactly similar to those so much insisted on in the action of 
glaciers on subjacent rocks, and as evidence of glaciors in parts of the Alps and Jura, 
where they are now awanting. ‘howe grooves or striw are as well marked, ns 
oe nin eager mae e 
coure of a tenacious mass of ico urged by gravity down a valley, as anywhere in 
the Alps. ‘Thoy occur in high vertical elif—s, us near the Pissevache; they rise 
against opposing promontories, ax in the valley of Haall; they make deep chanools 
oF flutings in the trough of the valley, as at Pout Polissier, nenr Chamoun; and ae 
aut Foo, in the Valley of Saas, At th se ie ie sores 
Himit, above which the craggy angular forms are almost exclusively 
Phecomona of weecing ood prooring entirely lmppear. In abort” adda 
Forbes, “it would bo quite impossible to find in the Alps, or elsewhere, those 
phonomena (except only the high polish which the rocks here do not admit of) in 

perfection than in the Valley of Coruisk.” Other evidence of the like Rind i 
also adduced. 

‘Mr. Darwin, In his“ Notes on the effests produced ty the ancient Glactors of 
Cacrnarvanshire, and on the boulders transported by floating Tea" ( 
‘Magazine, 1842, ‘vol, xxi, p, 180), after mentioning the labours of Dr. Buckland, on 
the same ‘country, und that Mr, Trimmer bad first noticed (Proceedings of the 
Geological Society," vol, 4,,p- 332, 1831) the xcoring and scratching of rocks in North 
Wales, adduces additional evidence of glacial action in that district. Ie ebserves 
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a large greenstone boulder on Ashley Heath, Staffordshire, at 803 
feet above the sea, and apparently derived from Wales, a consider- 
able depression of England beneath the sea, and that Scotland, from 
other data, must have been submerged 1,300 feet,* Looking at 
the heights to which gravels extend in Wales, often apparently the 
remains of masses of coast shingles and sand, a like, if not a greater 
depression beneath the present sea level would be there required. 
In Ireland, we find large blocks of granite sometimes perched on 
the heights, amid grooves and furrows on the surface of the rocks 
beneath, at altitudes of 1,000 feet and more, In some cases we 
almost seem to have before usa portion of the very blocks which 
seratched and scored the subjacent rock-surfaces.f 

Erratic blocks, occasionally of considerable magnitude, are 
found, in some localities, at various elevations above rocks of their 
kind, and from which they are considered to have been detached. 
Although it is obvious that each fragment, so detached, has deprived 
the mass of rock whence it has been derived, of so much of its 
volume, und perhaps ulso of its height, as regards elevation above 
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sloping 
of unstratified til!, occasionally associated with beds of sand and gravel, which 
to the west and north the great Cacrnarvonshire mountains.” Mr. Darwin 
(p. 186), a8 not“ probable, from the low level of the chalk formation 
Britain, that rounded chalk Mints coald often have fallen on the surface of 
‘even in the coldest times, | infor, therefore,” he continues, “ that such 
were probably enclosed by the freexing of the water on the ancient sea-consts. 


Hill 
i 


‘We have, however, the clearest proofs of tho existence of glaciers in this country, 
‘end it appears dhat, when the land stood at a lower level, some of the glaciers, ax in 
Nant Frncon, reached the som, where icebergs charged with fragments would 


ireland 
among whom may be mentioned, Colonel 
Mr, Trimmer, Professor Oldham, Mr. Bryce, Dr. Loyd, Mr. Hamilton, and Dr. 
Seoulor. 
* Philosophical Magazine, 1842, vol. xxi,, p. 186. 
Parison ae extent pure eeu te ccs entng 69th Gomer aC 
blocks ean bo woll studied, and the altitudes at which they and the «moothing and 
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the sca level, and consequently that if multitudes have been thus 
previous heights, composed of such rocks, may have been 
much reduced by the loss thus sustained, there are instances where 
it would not appear a sufficient explanation to infer that 4 transport 
of errutic blocks had been effected by ice in such a manner, that, 
while higher portions of the parent rock floated away at the 
required levels, the remaining lower portions were denuded, in 
the usual manner, as the land emerged. To account for such 
effects of submerging land, where coast ice could be formed, upon 
blocks of rock which may have been ice-transported to its shores. 
He points out that erratic blocks and other portions of the beaches 
of such shores might gradually be raised as the land became sub- 
merged, so that finally coast detritus, including the blocks of rocks 
ice-transported from various distances, would be elevated to heights 
above that at which it was accumulated or stranded. Blocks, with 
other coast fmgments and shingle, would thus, when the land again 
emerged from beneath the sea, be found raised above the level at 
which the remains of their parent rocks are now found.” 
Respecting the erratic blocks of the Alps, and of the 
countries, a large mass of information has been collected.{ The 
main fact of the blocks and associated minor detritus having been 
transported from the higher Alpine mountains outwards on both 
sides the main ranges, showing that the cause of their dispersi 
had been in the Alps themselves, forms the base of the chief 
moiern hypotheses connected with the subject, whether the 
sudden melting of snows and glaciers by the heat and vapours 
ae the last clevation experienced in these mountains, { 


Darin On he Traapra of Kea ur ra Lame w Hig 
Level.!"—Journal of the Geological Soctoty, 1849, vol. ¥, Mr. Darwin romarles 

the fragments of rock “from being repeatedly eanght in de bos adrenal 
violence, asd from being overy summer exposed to common littoral action, will 
generally bo much worn ; and from being driven aver rocky shoals, probably often 
sored. From the ice not being thick, they will, if not drifted out to sea, be landed in 
shallow placos, and from the packing of the ice, be sometimes driven high up the 
Dench, oF even left perched on ledges of ruck.” 

A valuable summary of the Inbours of geologists on this subject will be found in 
the“ Histoire dos Progrin de la Géologic, do 1834 & 1845," tom. iy, chap, fy by the 
Vicomte d'Archinc, Appended to it isa ist of the publications which may advam 
tageously be consulted, 

} As regards the transport of blocks of rock by the audden melting of snow from 
the escape of guscs rising, through fissures during the elevation of mountaln chains, 
the observer will flad the subject eurefully treated in the “Note relative a une des 





causes pecoumables des phéuoménes erratiques,’ by Elie de Beaumont (Bulletin de 
Ia Soeiets a France, fr. p. 1004 16ND. On the exppisid est SEAR 
gases required for the melting of tho mow, M: Klio de Beaumont rewarks, aftor 
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the former great extension of Alpine glaciers, or the latter com- 
bined with a considerable submergence of land, so that the sea 
Bare ae oF Sheralegy of the Epo Soe Sp bty possibly 


produced. 

Von Buch, De Lue, Escher, Elie de Beaumont, and other 
geologists, long since pointed out that, from the mode of occur- 
rence of the Alpine erratic blocks, the great valleys of the Alps 
existed prior to their dispersion, and much observation has been 
directed to the sources whence particular kinds of blocks have 
been derived.* The magnitude of the blocks on both sides of the 
Alps, in connection with the distances they must have travelled 
from their parent rocks, has also long engaged attention. The 
Pierre a Bot, above Neuchitel, and represented beneath (fig, 102),t 
affords a good example of an erratic block, perched on the side of 


Fig. 102. 








noticing many ciroumstances bearing on the subject, that “ it ls unnecessary to attet- 
‘bate to the gaseous current, considered to have been disengaged from fissures in the 
ground, a temperature higher than that needed to overcome the atmospherio pressure. 
‘Litdle would be gained by giving this current # very high temperature." , = + 
“The hypothesis which admite the erratic thaw to have been produced by vapours of 
moderate temperature, appears to me,” he continues, “ also that scconling to which 
nature would have worked with the minimum loss of heat.” 

# With reference ta the mode of diatribution of the erratic blocks in the basin of the 
Rhone, 2s also to the kinds of rocks wo distributed, M. Guyot has romarked (Halletin 
de In Soe. des Sciences de Neuchitel, 1846, Archives de Genave, Sept., 1847) >— 

1. That @ kind of rock which ie abundant In one part of the basin, is mre, or 

Absent, in nnother. 
2, ‘That the blocks of different kinds, commencing with the locality of thelr origin, 
form parallel series, preserved in the plain; blocks of the right side of the valley 
to the right, of the left side to the left, while those of the centze preserve 
their central position. 

D, That groups compored of a single kind of rock, to the exclusion of others, are 

here sod there found in the midst of various rocks. 

‘These riows M. Guyot considers as borne out by numerous facts, and he infore 
that the Blocks have teen distributed by glaciers ia the manner in which similar 
blocks now are by the moraines of actual Alpino glaciers. He states that similar 
facts nre observable in the valleys of the hous and Rhine. 

+ Taken from a view In the “Travels in the Alps of Saruy," &e., by Prof, 
James Forbes, 2nil edition, 

T 
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the Jura, far distant from its source. This granite mass ix 
estimated as containing about 40,000 cubic feet, and considered to 
have been transported 22 leagues from the crest of the Follaterres 
on the north of Martigny.® The blocks on the Jura have always 
attracted muchattention from the circumstance that they must have 
been transported over the great valley of Switzerland, intervening 
between that range and the Alps, The blocks on the Chasseron 
are estimated as rising to the height of about 3,600 feett On the 
southern side of the Alps striking masses of erratic blocks are to be 
seen in the vicinity of the Lakes of Como and Lecco, ‘They wall 
be found high up the northern side of Monte San Primo, a moun- 
tain well separated from the high Alps by the intervening Lake 
of Como, The following (fig. 103) is a section of this mountain, 
showing the manner in which the erratic blocks rest upon it, 


Fig. 103. 





a 1 eas a 8 Teams 

P, Monte San Primo; B, bluff pomt of Bellaggio, rising out 
of the Lake of Como, C; aaaa, blocks of gmnite, gneiss, &e., 
scattered over the surface of the limestone rocks, 22/2, and the 
dolomite ddd. YV, the Commune di Villa, where a previously- 
existing depression has been nearly filled with transported blocks 
and minor detritus. On the north side of the Alpi di Pravolta, B, 
the block represented beneath, (fig. 104), is seen, one however not 


Pig, 104. 








* M.d'Archino remarks (‘Histoire des Progris de la Géologie,” t. 11, p. 249), that 
granite and gneiss generally form the blocks of the largest size, ** A block of granite, 
fon the calenreous mountain near Orsiares, contains more than 100,000 ouble feat. 
bors Monta, many Diodks. dered from the Val de Ferret, and which have thus 
trav ‘& distance not less: 11 leagues, contain from 8,000 to 50,000 and 60,000 
cubic feot.” . . . “The blocks of talcose granite of Stoinhof, near Secberg, enc of 
which measures 61,000 cublo feet, has travelled about 60 i 

‘Considering the 40,000 cubic feet supposed to be contained in the Pierre & Bot, as 
French measure it would weigh about 3,900 tone, 

t Necker, “ Btudes Géologiques dans les Alps,” vol. {, Paris, 1841. 
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so remarkable for size, as for showing the little attrition it could 
have suffered daring its transport from the higher Alps to its pre- 
‘sent position. 

A large amount of information has been obtained respecting the 
distribution of erratic blocks im Northern Europe, and the sources 
in Scandinavia whence they have been detached.* The area over 
which they have been so distributed canis vane 
Sir Roderick Murchison, M. de Verneuil, and Count 
De borastary. le actiising de coaciace aol eaves ear e 
erratic blocks extending from Prussia, to Voroneje, in Russia, and 
thence northwards to the Gulf of Tcheskaia, on the North Sea. 
Tt is remarked that from the German Ocean and Hamburg on the 
west, to the White Sea on the east, an area of 2000 miles long, 
varying in width from 400 to 800 miles (which may, perhaps, be 

estimated at about 1,200,000 square miles), is mare or less 
covered by loose detritus, amid which there are blocks of great size, 
the whole derived from the Scandinavian mountains. 

While regurding the kind and extent of country thus more or 
less covered with erratic blocks, and the position which the Seandi- 
navian mountains would occupy relatively to a large submerged 
area, the opinion that: glaciers, icebergs (detached from them), 
and coast ice, may have been the chief means of dispersing the 
blocks and other detritus from a large isolated region, as that of 


ing seas in comparatively recent geological times, and there has 
been found a scoring of subjacent rocks, and dispersion of blocks 
outwards from it, according with this view.t 





* The observer would do well to consult the Kapport sur un Mémoire de 
inled 
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In the region occupied by these erratic blocks, ridges of them 
ee ee ee ee eee 
for considerable distances, ‘These are commonly known asskars, or 
dsars.* Count Rasoumouski would appear (in 1819) to have been 
the first to remark upon those in Russia and Germany, 
ee Oy es ee 
N.E. to SW. M. Brongniart pointed out (in 1828), that 


glaciers, and the drift of iceberg and coast ice in particular direc 
tions, and that upon the uprise of such lines of deposits, breaker 
action had penne eee upon them for a time, we should 
‘expect very complicated evidence. 

In Northern America erratic blocks are found to occupy a large 
area, some being strewed as far south as 40° N. latitude. Here, as 
in Northern Europe, the generul drift of detritus appears to be from 
the northward to the southward, and blocks perched at various 
altitudes, scored and scratched surfaces of subjacent rocks, and 
Gsars or lines of accumulation ¢ occur in the same manner. Such 
similar effects point to similar causes, and hence the explanations 





from the coast of Kemi into the Bay of Onoga, and from Russian Lapland into the 
Icy Sea, that is, in Lara north-westerly, anit north-casterly as quoted 
also in the * Geology of Russia,” vol, 5, p. 2% 

ek ree nrneak that Timilor sccumulatlons of this date, in Ireland are 
known ns Escars, 

+ * Annales des Bolences Naturellos,” 1898. M. d'Archiac observes (** Mistolre dew 
Progrie de la Géologic,” al oenlrep 86,) that “ the form of the Sears, thelr dis- 
position, and thelr parallelism with the furrows and scratches of 


their course, ‘The tisars in Finland, though less marked, have a direction from 
N. 25° W. to 8. 25° E., one which, with the preceding, represents the radii of the 
semicircle in which the great erratic block deposit of Central Europe occurs” 

In the“ Geology of Russia in Europe and the Ural Mountains” will be found the 
views of its authors respecting skirs or Gsars. A figure is given of an iceberg aground, 
and the consequences of its melting stated, lines of angularand rounded blocks being 
strewed, ax the ico dissolved, by # current acting constantly in one direotian. 

t Au Interesting account of two remarkable trains of angular erratic blocks in 
Berkshire, ie given by Professors Henry and William Rogers, in the 
“Boston Journal of Natural History,” June, 1846, ‘These two traing, one extending 
for 20 miles, both previously noticnd by Dr. Reid and Professor Hitcheock, were 
traced to their sources, The blocks are generally large, the smaller being several 
fot in dinmoter. One weighs about 2000 tons. ‘The blocks gradually decrease ins 
size to the &E.., those which have travelled farthest being the most worn, “They are 
‘stated not to mingle with the gonoral drift beneath them, the boulders and pebbles is 
‘Which bear “tho traces of a long-continued and violent rubbing.” “Other long and 
narrow lines of huge erratic fragments are seen elrowhoro in Berkshire, and abound, 
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offered have been of « similar general character.* A large amount 
of information has also been collected respecting the occurrence of 
these blocks, and of the polishing and scoring of subjacent rocks.t 
Itis stated that the divergence of any blocks, such, for example, 
as those of the Alps, is not observed in the United States. Pro- 
fessor Henry Rogers points out that the scorings do not radiate 
from the high grounds; but that, amid the mountains of New 
England and in the great plains of the west, and in Pennsylvania, 
Vermont, and Massachusetts, they preserve a south-eust direction 
at all their elevations; the lower parts of the great valleys being 
alone excepted. In the mountainous portions of the region, the 
heights and flanks exposed to the north and north-west are the 
most polished and scored. Blocks of large size have been found in 
New England, New York, and Pennsylvania, from 1,000 to 1,500 
feet above the sea. 

Erratic blocks are also found in South America. Mr. Darwin 
discovered them up the Santa Cruz river, Patagonia, in about 
50° 10’ 8, latitude, and at about 67 miles from the nearest Cordillera. 
Nearer the mountains (at 55 miles) they became “ extmordinarily 
numerous.” One square block of chloritic schist measured 5 yards 
on each side, and projected 5 fect above the ground; another, more 
rounded, measured 60 feet in circumference. ‘*'There were innu- 
memble other fragments from 2 to 4 feet square.”"$ The great 
plain on which they stood was 1,400 feet above the sea, sloping 
gmdually to sca cliffs of about 800 fect in height, Other boulders 
were found upon a plain, above another, elevated 440 fect, through 





we tink, im nearly all the mountainous districts of New Kngland, One such train, 
originating apparently in the Lennox ridge, about two miles on the south of Pitte- 
field, crosses the Housatonic Valley, south-custorly, as far at least ae tho foot of the 
broad chain of hills in Washington, Some very extensive ones arv to be Hoon an the 
sestorn side of the White Mountains. 

* Theve wil! be found in the works and memolrs of Hitchcock, Mather, Emmons, 


imerics.—(Trana, 
In 1883, Profesor Hitehcock (" Report on the Geology of Massachusetts,” art. Dilu= 
yvium,) sddueed abundant evidence of the northern origin of these blocks in the 
described by him, Tho like was also done atan early date for other portions 
Messrs. Lapham, Jackson, 


of Science, vol. xlvii,) Another general summary, up to 1848, fy given by the 
Wisse reiuae tines Dsasine tea Peogrts de in Géclogin™ tom ily chap. 9, Terral 
Quoterunire de! Aindrique du Nerd). 

f Danvi, Oa the Distibullon of Brratto Boullers, aud on the Contemporaneous: 
Tinalraified Depostis of South America.” —Geol. Trans, second series, vol. vi. p, 415, 
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which the same river flows, and at 800 feet above the sea. In the 


on 
the surface of Cape Gregory, a headland, about 800 feet high, on 
the northern shore of the Strait of Magellan. Mr, Darwin also 
describes rock fragments of various dimensions and kinds in Tierra 
del Fuego and the Strait of Magellan, amid stratified and un- 
stratified accumulations of a similar general character to those of 
this geological date in Europe,* Many of the erratic blocks are 
large, one at St. Sebastian's Bay, east coast of Tierra del Fuego, 
was 47 feet in circumference, and projected 5 feet from the sand 
beach, The general drift of these deposits is considered to be from 
the westward, the manner in which the transported fragments of 
rock would be carried by a current similar to that which sweeps 
against the present land. On the north of Cape Virgins, close out- 
side the Strait of Magellan, the imbedded fragments are considered 
to have been transported 120 geographical miles or more from the 
weat and south-west. On the northern and eastern coasts of the 
Island of Chiloe, extending from 43° 26’, to 41° 46'S. latitude, 
Mr. Darwin detected an abundance of granite and syenite boulders, 
from the beach to a height of 200 feet on the land. He infors that 
these boulders have travelled more than 40 miles from the Cordillera 
on the east.t 





* At Elizabeth Island, Strait of Magetlan, there occurs, * fin earthy or 
sandstone, in very thin, horizontal, and sometimes ‘and. 

‘often associated with curved layers of gravel. On the borders, however, of the east 
ward part of the Strait of Magellan, this fino-zrained formation often passes into, and 
alternates with, great unstratified beds, cither of an earthy consistence and whitish 
conree-grained mus, 


Geol, Trans, second series, vol. vi, p. 418. Variations of these accumulations are 
‘noticed as occurring in other places, and two sections of contorted and confused beds 
at Grogory Bay are given, and Mr, Darwin infers that this disturbance may bave bean 


produced by grounded icebergs. 

4 "The lager bonlder were gulte angular.” « One mam of granite at Chtess 
‘wns a rectangular oblong, moasuring 1% foet by 11 feet, and 9 fect on 
the north shore of Lemuy islet, was pentagonal, quite angular, and 11 foot on each 


fragmont of rock almost equals tho largor blocks on the Jura,”—Geol. Trans, second 
‘series, Vol. vhiy pe ARS. 


CHAPTER XV. 


MOLLUSC REMAINS IN SUPERFICIAL DETRITUS.—ARCTIC SHELLS FOUND IN 
BRITISH DEPOSITS.—EVIDENCE OF A COLDER CLIMATE IN BRITAEN.— 
EXTINCT SINERIAN KLEPIANT.—CIANGES OF LAXD AND SEA IN NORTH- 
BRN ECROPE,—EXTINCTION OF THE GREAT NORTHERN MAMMALS,—RANGE 
OF TUE MAMMOTH. —YROLEN SOIL, OF SIBERIA. 


Urow the supposition of the submergence of a large portion of 
the present dry land of Northern Europe, Asia, and America, 
beneath seas upon which ice was formed, and into which glaciers 
protruded in lower latitudes than at present, we should expect to 
discover in the marine deposits of these regions, and of the period 
now upraized into the atmosphere, evidences of the marine animal 
life of the time having corresponded with the low temperature to 
which it was then exposed. This evidence is considered to have 
been found. 

As regards the British Islands, Mr, Trimmer pointed out, in 
1831, that amid the detrital accumulation referred to this date, and 
at a considerable height above the sea (since ascertained to be 1,392 
feet), upon Moel Trefan (one of the hillson the outskirts of the 
chief Cacrnarvonshire mountains), fragments of Buccinum, Venus, 
Natica, and Turbo of existing species were found. He also stated 
that on the flanks of the Snowdonian mountains, and between them 
and the adjoining sea, in the Menai Straits, there were large 
accumulations of boulders and fragments derived from a distance, 
(among them chalk flints,) mingled with others of a local kind. 
Mr. Trimmer subsequently (1838) published a more general state- 
ment on the same subject, noticing various localities where he and 
others had found shells, of a similar character, in deposits referred 
to this date.* 





* The first communication was made to the Geological Society of London (Pro- 
ceedings of that Society, vol. 1) ; tha voond 0 the Geololeal Roclely of Dubs, ta 
& memoir, in two parts, entitled, * On the Diluvial or Northern Drift on the Eastern 
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Commenting on the facts observed by Mr. ‘Trimmer on Moel 
Trefan, Sir Roderick Murchison (in 1832) inferred from the 
previous discovery of shells of existing species in the Laneashire 
gravels and sands by Mr. Gilbertson, one which he was enabled to 
confirm from sctual observation, and from finding similar accumu- 
lations over a large tract of country, that the materials of the ancient 
shore of Lancashire and of the estuary of the Ribble, were deposited 
during a long protracted period, and “ were elevated and laid dry 
after the creation of many of the existing species of molluscs.”* 
Numerous facts of the like kind were noticed by different observers st 
but the inference as to a temperature less at that geological time 
than at present, as shown by the remains of molluscs, does not 
ay to have taken a distinct form until Mr. Smith, of Jordan 

published his views on the subject in 1839.{ He discovered 
shells in places where their animals had lived and died, in the 
counties of Lanark, Renfrew, and Dumbarton, and hence inferred 
their entombment by depression, a half-tide deposit being converted 
into one in a deeper sea, From these and other researches, Mir. 
‘Smith obtained a mass of evidence which led him to conclude, from 
the remains of the molluscs discovered in deposits of this date in 
different localities, that the climate of the British Islands had then 
been colder than it now is, more especially as Arctic molluscs, not 





and Western side of the Cambrian Chain, and its Connexion with @ similar 


Geological Society of Dublin.) Mr. Trimmer mentions that, prior to his discovery of 
the shells on Mocl refi, he species in 
gravel and sand near Prosion, Lancashire, and that Me. Underwood had observed 
furrows and seratobes on the surface of rocks laid bare among the Snowdonian moun~ 
tains, when the great road from Bangor to Shrewsbury was in progress, 

* Adileoss, an President, to the Geological Society of London, February, 1832— 
Proceedings of that Society, vol. i, p. 366, 

+ Among the observations of the time, and ss important for the locality notleed, 
should bo mentioned thove of Sir Philip Egerton, On « Bed of Grevel containiag, 
Marine Shells, of recent Species, at Wellington, Cheshire” (Proceedings of the 
Goologieal Society, vol. ii., p. 189, April 1835). Sir Philip notices the remaina of 
Twrritelia terebray Curdium edule, and Murex arenaceus, and infers that there hed bees 
an alteration of 70 feet in the level of land and sea, os the locality, since the 
deposit was formed, In 1897, Mr, Strickland (“On the Nature and Origin of the 
various kinds of transported Gravel ooourring in England,” rend at tho Britigh 
Association in that year) took a general view of the stratified and unstratified cha 
moter of those deposits, and divided them into—1. Marine drift, formed when the 
central portions of England were under the sea; and, 2. Flweiatile drift, when 
were nbove its level, forming dry Innd, the first composted of (a) erratic 
without chalk flints; (0) erratic gravel, with chalk fints; and (c) local, ar nom 
exvatio grovel. 

4 “On the late Changes of the relative Levels of the Land end Sea in the British 
Islands" (Memoirs of the Wernerian Nutural History Society, Edinburgh, vol. vili., 
J. 49, he) In this momoir Mr. Baith mout carefully cites all those whe had previously 
Ulseoverced fhots relating to the subject, giving an account of these facts, 
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now found round the British coasts, were obtained from these 
accumulations.* 

Professor Edward Forbes, in 1846, availing himself of the 
information then existing, and of his own researches on the same 
subject, pointed out that the total number of species of molluscs 
discovered in the deposits of the British area, and referred to this 
geological time, was about 124, all, with a few exceptions, now 

i in the seas around the British Islands, and yet indicating 
by their mode of assemblage a colder state of the area than at 
present.t While carefully néticing the error which might arise 


* Alluding to the researches of M. Deshases, to whom the unknown shells dis- 
‘covered Were transmitted, and who stated that those still found recent, but not fn the 
‘Rritieh seas, Ovcur in northern latitudes, Mr. Smith remarks that view confirmed 

entertained 


previously 

Yim Se aboaioe by Str Charis Lyell, ak Users tn en, ed Sure by 
Mim (Phil. Trans, 1838); from buving boon Informed by the sume geologist at 
Fusus Perucianvs still inhabited ie Arvtio sea; sad Sion Bec Gray (oh ihe BAGGA 
Maseum) having, from a cursory examination of the shells discovered, remarked that 
they ad all the appoarance of Arctic shells. Mr. Smith addls, Tn the Clyde-raived 
doposits, shell common to Britain and the northern parts of Europe occur in much 
‘greater abundance than they do at present. ‘The Pecten Lrlandicus, which hus pro- 
ably eotirely disapponred, and the Cyprina Lilandion, which, if found recent in the 

3s extremely rare, are arsongst the most common of the fol mpecios.” Most 

cataloguos are appended to the memoir of Mr, Sinith, consisting of Hsts of 


(inclading. 
fresh-water shells); of shells trom the newer Pliocene deposits of the British Islands 
{also including land and fcesh-water shells) ; and of rocent species (then now) from 
the Firth of Clyde, 

f rofieor B. Forbes, On tee gC ar 

Fauna British fi Geological Changes which hare 

their Area during tho Period of the Northorn Drift” (Memoirs of the Geological 
Survey of Great Britain, vol, i.. p. 367, &e.). ‘The Professor observes that, “asa 
whole, this fauna is very uaprolific, both as to specles and Individuals, when compared 
with the coralline 
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ability of @ state of climate colder than that. prevailing in the same area wt present. 
Thus the existing fauna of the Arctic seas includes a much smaller aumber of 
testaceous molluscs than those of Mid-Kuropean seas, and the number of testaces in 


the latter ix much tess than In South-Kuropean and Mediterranean. Is not 
the latitude, but the temperature which determines these differences.” “That tho 
imate," pa abnor “ander whieh the animals lived, was 


assemblage made i of seen (5) now vin tro he Celtic region in 
common with the northern seas, and scarcely ranging south of the Britah Iales; Sad, 
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from neglecting the occurrence of species at different depths in the 
sea, he observes, that among those found in these deposits, and in 


genera species 
water, but, in the three first instances, a coast line.””* 

‘Taking a general view of the flora of the British Islands, and of 
the probable sources whence its parts have been derived, Professor 
Edward Forbes has inferred that a portion was obtained from 
northern regions when the higher parts of these islands were alone 
above the sea, at a time corresponding with that when the marine 
molluscs living in the seas around them were of the charmeter 
above noticed, and when the climate was colder than it now is, the 
evidence of thie land flora thus corroborating that afforded by the 
remains of the marine molluscs, Under such conditions he infers 
that “ plants of a subarctic character would flourish to the water's 
edge,” The whole area being subsequently upraised, in the 
manner above noticed, the previous islands would become moun- 
tain heights, and the plants, uplifted with them, not 
deprived of the climatal conditions fitted for them, continued to 
flourish and be distributed as we now find them.t 





and unknown fossil in previous deposits, Two other species, from southern deposite 
tn Ireland, were, one the same as one ( Turritella incrassota) still existing in the South- 
Baropees, though not in the Brith sous, and the other (Teraatlis rramddata) 
extinct, Dut found fossil in the crag.” Profesior E, Forbes remarks, that it Is “of 


undatum ; 
distributed, are much more characteristic of aiinah peoren ‘than ef Southern seas”” 

‘* “ Memoirs of tho Geological Survey of Great Britain," vol, 1, p.370. ‘The Pro= 
feasor adds, “a most important fet, too, is that among the species of Littering, = 
gonus, all the forms of which live only at water-mork, or botween tides, is the Littorine 
‘apana, one of the forms now extinct in the British, but still surviving in the 
Aretic Sena.” 

+ Memoirs of the Geological Survey,” vol, i. Professor R. Forbes divides the 
general flora into five parts, “four of which are restricted to definite Latimer So = 
the fifth, besides exoluxively olaiming great part of the aren, 
mingles with all the others,”” Ita acer $2 Mis pastel vies; ie Proheeoe Oa 
‘as his main position, that “ tho specific identity, to any extent, of the flora and fauna 
Ralph thoso of another, depends on both areas forming, or having formed, 


Inevent of plants whick be could not meet with elsewhere amoug these inlands. E 
species of these mountain plants are most numerous on the Scotch mountains—oom~ 
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As confirming his views respecting the effect of great cold at 
this period upon the marine molluses in the seas around the British 
Islands, Professor E. Forbes found, while dredging, that there 
were depressions off the coasts in which molluscs of Arctic cha- 
racter still remained, as if imprisoned in cavities during the 
general rise of the sea-bottom, so that while their germs still found 
the needful conditions for their development in such depressions, 
| uscdlnprermpeary they 
SSE Etat apeedma serene earth 
our views to the great region ranging from Scandinavia eastward 
along Northern Asia to Behring’s Straits, we should, in the higher 
latitudes, expect no great uid, as regards evidences of a colder 
climate having more prevailed at that geological time than at 
present, from the remains of marine molluscs entombed amid 
detritus," or from the existing flora there found. Under the 
hypothesis of u depression of land, accompanied by increased cold, 
it is not difficult to conceive that the marine fauna and terrestrial 
flora of the region became adjusted to the conditions obtaining at 
the different times, the one accommodating itself to the new shores, 
the other creeping to the proper grounds, as the sea-botiom 
changed and the general temperature became lowered or elevated. 
The discovery, however, of large animals entire in ice, or frozen 
mud or sand, with their flesh and hair preserved, in high northern 
latitudes, and of kinds not now existing there, has been considered 
as affording somewhat of the evidence required. 
It is nowabout half a century since that the body of an elephant, 
of a specics not now living, but the remains of which are widely 
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‘which have not appeared in our 

Tho wellcAncten mass of shlla at Tddevalla, in Sweden, ruised to the helght of 
216 foet nbove the level of the ara and beneath part of which M. Alexandre Bron, 
niart long since found Balan’ still adhering to the supporting gneiss rocks on 
they grew (* Tablean dos Terrains que compore I’ Rooree da Globe," p89), ie deseribed 
8 compove af specie stil exating n the neighbouring ses ‘A Hist of theee whells 
wae given by M. Hisinger, ** Kequisse don des Petrituctions de th Svéde,” 
ed. Ime, Stockholm, 1831. Profesor K. Pechasthay ofsted oat Gay tis eteeaist 
toncot Cetin ation hy Linnmos'an 1967, and thea the opecien Sleeved hy Bat 
eee ak cneek io, eee ravens ce aia Mpa cee eee 
Uittoren, Mytilex edulis, Fuxus soatariformis, Pecten Telandicus, Fuses ar ps 
Balanus sulcatus, 10 1806, the Uddevalla shells, and others of existing species, 
above the prevent level of the sun in Norway, werw observed by Von Buch. "They 
were also doseribed hy Sir Charles Lye! in his account of the rise of land In Sweden, 
“Philosophical Transactions," 1835. 


= EXTINCT ELEPHANTS AND RHINOCEROSES (Cn. X¥. 
amid the later geological accumulations of the northern 
‘of the northern hemisphere,—its flesh so fresh that bears 
and wolves devoured it,—was found frozen in 70° N, latitude, 
near the embouchure of the Lena in Siberia.* The body of a rhi- 
noceros also, of a species now extinct, whose hard remains are also 
discovered in somewhat similar positions, had been obtained in the 
state of a mummy by Pallas thirty years previously, in latitude 
§4° N, fiom the barks of the Wilfus, which fills into the Lena, 
the carcase smelling like putrid flesh, the hair still partly on the 
body. These discoveries long since led to speculations respecting 
a change of climate in Siberia, one suddenly destroying the animals 
mentioned by cold, 2o that their carcases were preserved. Pro- 
fessor Playfare in 1802) would appear to have been the first to 
infer that the elephants and rhinoceroses of Siberia, now extinet, 
may have been fitted for a cold climate, though the elephants of 
the present day inhabit regions of a higher temperature, and that 
“they may have migrated with the seasons, and by that means have 
avoided the rigorous winters of the high latitudes."*} He also con- 
sidered that they might have lived farther to the south than the 
localities where their remains are now found, and “among the 
valleys between the great ranges of mountains that bound Siberia 
on that side,” Sir Charles Lyell, in 1835, tool a similar but more 
extended view of the subject.t Adverting to the mode af occur- 
rence of the abundant remains of elephants in the deposits of 
Siberia,—an abundance so great that a trade in their tusks for 
ivory has long been establiahed,§—to tho doposits themeclves in 
which they are discovered having been formed beneath the sea, 
since they contain the remains of marine shells; and to a slow up- 
heaval of the borders of the Icy Sea, as is now taking place, he eun- 
sidered that a considerable change in the physical geography of the 
* Mr, Adams, who carefully base i etierrer pa elect 
‘was first obperved as a shapeless mass by Schumakof, a ‘Twngusian ebief, and 
tf the peninsola of Tamsset, in 1700; that this fee-covered mass fell upon tho sand fa 


1803, and that, in the next year, the chief cut off the tusks, the fossil Won iti 
from its comparative. freshness be so termed, found in these regions, fea article 


St. Potersburg ; and a description ix givon of it in the “Memoirs of the Imperial 
Academy of Sciences,” vol. v., of which @ translation was published, with a figure; in 
London, in 181), 

+ Playfiir’s “ Illustrations of the Hnttonian Theory,” Edinburgh, 1802. 

1 “Principles of Geology,” 4th edition, 1835. 

4 This fowil ivory is still imported from Kussia into Liverpool, where it finds a 
ady mia tm samb-e and other mockary bn Iory."—Owe, Hetty of Beta 
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whole region had been effected, a great increase of land northwards 
being the result of a long-continued and slow uprise of land and 
sea-bottom. He inferred a general decrease of temperature, so that 
the elephants and rhinoceroses, though they may have been fitted 
to live in colder regions than any of the kinds now existing, 
grdualy perished. ; 

Sir Roderick Murchison and his colleagucs, in the examination 
of the geology of Russia and the Ural Mountains, adopted similar 
general views, inferring that the Ural, Altai, and neighbouring 
regions of Siberia, were above the sea when these great mammals 
existed, and that they lived in herds adjacent to lakes and 
estuaries,* into and down which their remains were swept. It 
would appear, especially by the researches of M, Middendorf, that 
the shells found with these remains ure of kinds now existing in 
the seas of the region, so that the molluscs of that time and the 
neighbouring seas have not been exposed to conditions effecting 
their destruction. M. Middendorf also mentions, that in 1843, 
the carcase of an clephant was found in the Tas, between the Oby 
and Yenesci, in about latitude 66° 30' N., “with some parts of 
the flesh in 20 perfect a etate, that the bulb of the eye is now 

in tho Musoum of Moccow.”+ Sir Roderick Murchison, 
M. de Verneuil, and Count Keyserling also remark, when deseribing 
the range and boundaries of the erratic blocks of Russia, that the 
area of the districts of Perm, Vintka, and Orenburg, was probably 
“above the waters and inhabited by mammotha"t at this peried.. 

With regard to the probable habits and food of the elephant 
(Elephas primigenius) and the rhinoceros (R. tichorhinus), the 
researches of Professor Owen have shown,§ that on physiological 


* “Geology of Russia in Europe and the Went Mountains," vob 4, p. 600, 
Lapis Tete M, Middendorf, of 1843, Ht Sogeeiy ewer des pallens freon 





nso associated fossil 
which are mornover characteristic of the drift or glacial deposits of rf 
sre cto io i a erp Aone 


the map, as the extreme boundary of the granitic erratics, which were, we believe, 
ttranded on or near tho sbelving shore of this ancient land."—Geology of Russla, 


Soh ‘of British Fossi! Mammals and Birds,” 1846, To the previous inference 
the ol from its warm, woolly, anid hairy coat, wos an animal fitted to Hive 
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os ues te eet and at all seasons in the 
sixtieth parallel of latitude,” so ing, with Professor 
Pipi ad Gx Checks tye, desist tes mage 
migrated northwards during the warmer parts of the year, as 
many northern mammals now do, the mammoth, as that kind of 
extinct elephant bas been termed, would have lived easily on the 
land considered to have been above water at this period. The 
Professor adds, *‘in making such excursions during the heat of 
that brief season (the northern summer), the mammoths would be 
arrested in their northern progress by a condition to which the 
reindeer and musk-ox are not subject, viz, the limits of arboreal 

ion, which, however, as represented by the diminutive 
shrubs of Polar lands, would allow them to reach the seventieth 
degree of latitude.” With regurd to the habits and food of the 
two-hamed rhinoceros,* found frozen in Siberia, the inferences do 
not appear so clear as for the mammoth. From the greater 
amount of hair found on the extinct and frozen rhinoceros, noticed 
by Pallas, than upon existing thinoceroses, ho scems to have 
concluded that it might have lived in the temperate regions of 
Asia. Professor Owen remarks that, “although the molar teeth 
of the Rhinoceros tichorhinus present a specific modification of 
structure, it is not such as to support the inference that it could 





in n cold climate (the skin of the carcase from the Lena, and the ground on whteh It 
foll, afforting many pounds weight of reddish woot and coarse long black halrs), 
Profi Oven hove tha tech exeilly wer lap or the apareny el 
climate in which Its remains have been sv abundantly detected. “The molar teeth of 
elophanta possces,” observes the Professor, “ a highly-complicated, and a very peoulisr 
structure, and there are no other quaddrupeds that derive #0 great @ proportion of thelr 
food frem the woody fre of the branche of tres ‘Many mammals browse te 
loaves; some «mall rodents gnaw the bark ; the elephants alone tear down and crunch 
the branchos, the vertical enamel-plates of their huge grinders enabling them te 
pound the tough vegetable tissue and fis it for deglutition, No doubt the foliage ts 


Into the food of such extinct species, Forests of hardy trees and shrubs still grow 
upon the frozen soil of Siberia, and skirt the banks of the Lena.ss far north as latitude 
60”. In Burope arboreal vegetation extends ton degrees nearer the pole; and the 
dental organization of the mammoth proves that it might have derived subsistence | 
from the ladon branches of tres, in reglons overed during apart of the year with 
now,” —) 5 
° "The home of this rhinoceron have been ascertained to have been of large sie, 
One of the horns of an individual, probably the front or nasal horn, in the Museum at 
Moncow, measures, according to Professor Owen, nearly three fect in length, 
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have better dispensed with succulent vegetable food than its 
existing congeners; and we must suppose, therefore, that the 
well-clothed individuals who might extend their wanderings 
northwards during a brief but hot Siberian summer, would be 
compalled to migrate scuthward to obtain their subsistence ducing 


winter.”"* 

Considering the general evidence thus adduced as to the climate 
of Northern Europe at this geological time, we have to suppose a 
considerable depression of a lange area beneath the level of the 
Atlantic; an increase of cold, causing glaciers to descend into the 
sea in Scandinavia, and even in the British Islands; a great 
increase, if not extension into the sea, of the glaciers of the Alps, 
icebergs and coast ice distributing masses and minor fragments of 
rocks over a considerable European area, as also the shingles of 
beaches, sand, and mud, accompanied by the transported remains 
of terrestrial and marine creatures, and a movement of land plants, 
with terrestrial and marine animals, in accordance with the low 
temperature then existing. The amount of land rising above the 
‘sea, prior to the inferred depression, is uncertain. It may have 
been more or less than that which we now find, though deposits of 
varied thickness were accumulated at this time, and now constitute 
part of the dry land of Europe, and probably also a portion of 
the bottom of the adjoining seas, 

Respecting the great mammal, the carcases of which have been 
#0 well preserved in Siberia, and admitting, with Professor Owen, 
their perfect fitness to have lived in a climate such as that at 
prosent found in Northern Europe and Asia, up to a high latitude, 
we have to consider that at the time of greater cold, their food 
being adjusted to it, their range, even in the summer season, would 
be more limited northward, not only by any coasts which might 
then be thrown back by the depression beneath the sea level, but 
also by the supposed decreased temperature. The great rivers, 
flowing northward, would, as Humboldt, Sir Charles Lyell, and 
Sir Roderick Murchison have pointed out, be then under similar 
conditions to the present, their embouchures exposed to lower 
temperatures than their courses in more temperate regions, such 
courses, though somewhat shorter, being still liable, as now, to be 
blocked up by ice at their mouths. In such a state of things there 
is little difficulty in inferring that the elephants and rhinoceroses 
lived, as they are supposed to have done, in a climate of low 





* = History of British Fous!] Mommals and Birds," 1846, p. 358, 


es! 
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temperature, and that their remains were buried in the detritus 
accumulated in lakes and at the embouchures of the northern 
rivers of the time, numerous carcases being washed out to sea and 
preserved amid ice, or frozen mud and sand, among deposits con- 
taining the remains of marine molluscs, such as are now living in 
‘The cause of the extinction of the great mammals mentioned 
requires much consideration, and a careful observation of the facts 
eonnected with the entombment and tion of their remains. 
Humboldt has remarked that the temperature at present 
i across Poland and Russia to the Ural mountains, “ is 
to be songht in the form of the continent being gradually less 
intersected, and becoming more compact and extended,—in the 
increasing distance from the sea,—and in the feebler influence of 
westerly winds. Beyond the Ural, westerly winds blowing over 
wide expanses of land, covered during several months with ice and 
snow, become cold land winds, It is to such circumstances of 
configurition and of atmospheric currents that the cold of Western 
Siberia is due.”* By the immersion of the present dry land to 
the extent supposed,} unaccompanied by the gencrul decrease of 
temperature inferred in Northern Europe, there might, no doubt, 
be reason to expect that such northern portions of European and 
Asiatic Russia us were above water would have a higher 
ture than at present, but how far this would be met by such a 
decrease of the present temperature of Scandinavia, the British 
Isles, and a portion of Central Europe, that glaciers descended to 
the then sca level, it is more difficult to infer. Because iecbergs 
may have floated from Scandinavia, and have become stranded on 
the ehores of the districts of Perm, Viatka, and Orenburg, and 
thence slong the line pointed out by Sir Roderick Murchison, 
M. de Vernouil, and Count Keyserling to the westward, it is not 
a necessary inference that the temperature of those regions, 
making every allowance for the influence of raultitudes of icebergs 
at certain seasons, had been very low, more than that the 
ture of Newfoundland should be that of Greenland and Baffin’s Bay, 
whence the icebergs stranded near it are derived. Even supposing 
that as the land rose the temperature of Siberia became such as we 
now find it, it docs not seem to follow, judging from the researches 





+ Soumor, Teh Bait. @abine’s Translation), vol. 1, p. 99. 
t The observer would do well to refer to the map given by the authors of the 
Geology of Ruslan Europe and the Ural, for the aren bounding the ecurence of 
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and reasoning of Professor Owen, that the mammoths necessarily 
perished from cold or the want of food.* Assuming that the great 
cold was unfavourable to their continuance in Siberia, that the 
country towards the mountains on the south was equally #0 to 
their habits, and that thus they may have been there extirpated, 
the same reasoning does not seem to apply so well to the districts 
on the west of the Ural. 

It is now well known that the mammoths must once have ex- 
isted widely spread over the northern portions of Europe, Asia, and 
America; whence the inference, on the hypothesis that they all pro= 
ceeded from a common stock, or centre, that they spread themselves 
over continuous portions of land, dry for the time, however now 
separated they may be by seas, ‘Their remains are not uncommon 
in Great Britain, though lessso apparently in Ireland, and Professor 





* On this Professor Owen remarks, that “with regard to 
range of the the taka prhcipetar Into Tate ieertoslateotes Oe aetiotce ‘ts foreil 


mammoth concurs, remains, 
showing that, like the rein-deor, the northern extreme of the temperate zone was its 
metropolis, Attempts have been made to account for the extinction of the race of 


the 
me the apparently contemporancous extinction of the gigantic 
Cheops semepry see ‘of that 
appear to negative the occurrence of such destructive changes. parative!) 
brief of the progress and duration of species within the historical i, 
ty surely invufficlent to Justify, in every caso of extinction, the verdict of violent 
Seana eno the ges ean, ly those which have 


fpactlats oid Brocehl, nthe yostbllty thet pecan Uke Sxividoats, tay bara ind 
Mea sesbe'f thats doth tstacent 3a bets ergioal constliation; 

shangesin the Mauss ed cat daa tee cas pi Onde esineaie ee tee e 

of the prolific force, may have been ordained from the commencement of 
ca =H of Deitch Fost| Mammals and Bists, p, 20. 

“ Buory af Bot British Fossil Mammals and inte: 1846; tnbrsnalions ps ea 
ott 1 observer, “we regard Great Britain in connection with the 
as armerepa ail sed eciocd aur view at tne qnographinal Gatcintheu ok ext 
‘mammals heyond the limits of technical geojrraphy,—and It needs but a glance at the 
mmp to detect the artificial charucter of the line which divides Europe from Asia,—we 
shall there find a close and interesting correspondence between the extinct Ruropseo~ 
Asiatic Mammalian Fauna of the pliocene period and that of the present day. The 


vanmoths, rhino 
cereses, hippopotamuses, bisons, oxen, horves, tigers, bears, &., which have 
fe ach hua trace former enone ee eptoat ‘superficial depovite nnd 
caves of Groat Britain,’ 
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290 ELEPHANT REMAINS OF ESCHSCHOLTZ BAY. (Cm. XV, 
depth of Behring's Straits is comparatively trifling, varying from 
132 to 192 feet, so that we feel little surprise in finding at Esch- 
acholtz Bay, in about 66° 20! N. on the North American shores, 


inside the Straits, the remains of the Hlephas primigeniue, asso- 
ciated with the bones of the urus, deer, horses, and musk ox, in a 


voyage), in 1816, and the bones were supposed to be imbedded in 
ice; but the observations of Captain Beechey’s party, in 1826, 
showed that the ice was merely superficial, arising from the freez- 
ing of water descending over the face of the cliff, and that the 
remains of these mammals were really imbedded in a deposit of 
clay and fine quartzose and micaceous sand. A smell, as of heated 
bones, was observed where the animal remains abounded." 

This facing of ice having been thus deceptive, Dr, Buckland 
was led to infert that there also might have been some error 
respecting the elephant of the Lena having really been encased in 
ice, and not in mud, the face of which was covered by ice, as at 
Eschscholtz Bay, Oorrect observations respecting the mode of 
occurrence of the animals preserved in a comparatively fiesh state, 
with their fleshy portions in part or wholly remaining, are some- 
what important, inasmuch as, if found in ice, we have to infer 
either that such ice had always remained unthawed in the atmo- 
sphere (at least so far as the portions enveloping the animals were 
concemed), from the time when these mammals were encased in it 
to the present time, or that it became depressed beneath detrital 
accumulations of the period, and also remained unthayed, until 
the whole being elevated again into the atmosphere, it became, with 
the accumulations among which it had been buried, exposed to the 
climatal and denuding conditions of the present day, Thongh 
there would be difficulty in submerging ice, from its specific 
grayity, beneath water, and especially sea-water, unless 
well loaded with detritus to render this of the proper kind, it may 
readily happen that, in very cold climates, coast-ice may be 
anchored, so to speak, in such a manner, by penetrating amid 
shingles, sand, or mud beneath, that it could be covered over in 
part, or in thickness, according to variations in seasons, by detrital 
matter, s0 as to be in the condition to descend, thus covered over, 
to those depths where it could remain unthawed, with any animals 





=“ Beochoy's Voynge to the Pacific and Bebring’s Straits” ‘The bones were 
SrA ee ne ame Relea ine Buckland. 
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entombed in it, Indeed, certain fits noticed by travellers and 
voyugers in the Arctic regions would lead us to infer that this 
might be the case, and accounts are given of beds of’ actual ice 
being found beneath detrital deposits in those regions.* Descended 
to a proper depth beneath the surface, but not sufficient to bring it 
within the influence of the heat found to exist beneath certain 
depths in different parts of the globe, ice might remain there, only 
to be thawed by a great increase in the temperature of the general 
climate, or by being again elevated, with a sufficient denudation of 
protecting detritus, so that the heat of the atmosphere in summer 
would dissolve it, and disclose any animal remains which may have 
been therein preserved, At the same time, mud and silt, into 
which the bodies of such animals as the elephants and rhinoceroses, 
above noticed, may have been borne during floods, could readily 
have become frozen, and covered with other detritus, and thus 
descending, have retained, from what we learn of the depth to 
which the frozen ground extends in Siberia—a depth apparently 
very different {rom that found in North America, in the sume lati- 
tudes—the remains of the animals in as fresh a state ag when first 
embedded in them, to a level, beneath that of the sea, of 400 feet, if 
the cold approached that now experienced in northern Siberia.t 





* DM. Middendorf Informed Sir Charles Lyell, that in 1843, “he had bored in Siberia 


fee, the 
afer two or thrve yarda, they did not ascertain."—Principles of Geology, 
th Eaton, p- 80. 

+ Tho depth to which frozen mud and sand could descend in these regions, without 
Being thawed by the Influence of terrestrial beat beneath, would appear from the 
information of M. Helmersen (“ Observations on a Pit sunk at Jukoutsk,” Ann. des 
Mines de Rams, voy, 1838), to be between 300 and 400 fect. Onthe26th April, 1837, 

the temperature of the bottom, 378 (English) fect deep, was 91°, the strata an the 

tides of tho pita 75 feet bring 21°-2 Fah. ‘The socurulations pasted through mara 
Caaaclad esc rene gull ee es ice, 

Some experiments mado Middendorf, ns reported to the Academy of Solences 

of St. Petersburg in Ted/chowed thai Ie ¢ shal ant tse glichy 0b emus one 

near the Lens and at » depth of 884 (English) feet, the foxen erust was sill not 


‘the surface, gave on the 25th Mareh,—1° Fabr,, the temperuture gradually 
advanced to 26°-6 Fahr, According to 4, Brun C-Erovendings of the Aviary of 
Selences at St. Petorsturg,” 1838), the depth of ground thawed in September, 1818, 
in Northern Siberia, wus 4 feet 8 inches in woody trets, and 6 feot 8 inches in the 


eom Sir John Richantson a having found tha dpih of the fren gronnd wo to 
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OSSIFEROUS CAVERNS AND BRECCLA,—FORMER CONNEXION OF BRITAIN 
WITH THE CONTINENT.—MAMMOTH REMAINS FOUND 18 BRITISH SEAS.— 
‘OSSIFEROUS CAVE OF KIRKDALE.—MUD 1N O83IPEROUS CAVES.—ORKERAL 
‘STATE OF OSSIFRROUS CAVERNS.—HUMAN REMAINS IN PAVILAND CAVR— 
CAVES FORMERLY DENS OF CERTAIN EXTINCT CARNIVORA.—HUMAN RE- 
MAINS IN OSSIFEROUS CAVERNS.— COMPLICATED ACCUMULATIONS IS 
CERTAIN CAVES,—PEEBLES IN O8SIFEROUS CAVES,— DEPOSITS IN SUBTER= 
RANEAN RIVER CHANNELS.—OSSHOUS BRECCIA IN FISSURES.—CHANGES 
IN THE ENTRANCES OF CAVES.—OCCURRENCE OF MASTODON REMAINS.— 
ASSOCIATION WITH THOSE OF THE MAMMOTH.—EXTINCT MAMMALS OF 
CENTRAL FRANCE. 


Tun bodies of elephants and rhinoceroses boing found so well 
preserved in Siberia,—and nowhere, as has often been remarked, 
are the remains of the Hlephas primigeniua more abundant than in 
the lowlands, adjoining the icy bea of Northen Asia,®—it i 
desirable to consider the remains of the same kinds of elephant 
and rhinoceros, with those of contemporary mammals, found 
embedded amid accumulations in caves and clefts of rock. The 
connection of the British Islands with the continent of Europe and 





Siberian ivory, at prices from 30 to 100 per cent. above those of recent elephantine 
ivory. 

From the researches of M, Hedenstrim, multitudes of the remains of elephauts, 
thinoooroses, oxon, and other mammali, occur in the froxen ground between the 
Lena and the Kolima, and he mentions that ono of the islands of Now Siberia, or the 
Llakhor Islands, in tho Arctic Ocean, off the const of Siberia, betwoe the embou= 
chures of the Lena and Indigirka, is composed of little olse than a mass of mammoth 
Papas ikea bora winked for many years by the traders for the fossil ivory it 


‘This statement is confirmed by thono of other travellers. ‘The high preservation of 
fossil ivory is not confined to Siberia. Mr, Bald mentions (Wernerian Transactions, 
vol, iv.) that tusks found between Edinburgh and Falkirk were made into chewmen. 
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Asia has been above noticed (p. 289), as needed for the migration 
of the Elephas primigenius and Rhinoceros tichorhinus into the 


conditions fitted for their existence and increase.* ‘The observer 
has carefully to weigh the evidence afforded as to the precise geo- 
logical period when these great mammals thus prospered upon 
lands now divided from the continent by sea, which it would 


feeders, to restrain thelr undue Increase, and abridge the pangs of the maimed and 
sickly, wore duly adjusted in numbers, size, and ferocity to the foll task assigned to 
them in the organic economy of the pro-Adamitic world, Besides a British tiger of 
larger size, and with proportionally larger paws than that of Bengal, there existed » 


ebteined ; but loser 
aflinities to the mole-tribe, have been discovered in # pliocene formation in Norfolk, 
‘Two kinds of beaver, hares and rabbits, water-voles, and ficld-voles, rats and mice, 


Diatorie period. The uewer tertiary soas were tenantod by eotacea, either generivally 
‘of specifically Identical with those thst are now taken or cast upon our shores." 





Tt has to be borne in mind that, during any modified distribution 
of land and sea formerly existing, by which deposits were accumu 


bearing moro the appearance of having been merely relieved, by 
the wave action, of the mud, silt, or sand which once 
them.* Supposing the elephants and rhinoccroses, with other 





* Professor Owen, in his * History of British Fossil Mammals,” meations (p. 246), 
thah Vineet of fa lrgoet and Dec-precarvod tose. of the Gh insmenaGraaaet 
been dredged up from submarine drift near the coasts. In 1827, am enormous tusk 


a soft mbstance resembling patty. A tusk, likewise much decayed, which was 
Aredged up off Dougeness, measured 11 
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tions, second series, vol. vi., p. 161), procured a section of ivory 
cavity of the Dungeness tusk, of un oval form, measuriog 19 

A. tusk dredged up from the Goodwin Sands, which mensured 6 
longth, probably belonged to a female mammoth.” * * *'This 
euiler at Canterbury, by whom it was sawed Into five sections, but 
foun to do fossilized und unfit for use.” * * ©The tusks of tho 
which have repesed for thousands of years in the bed of the ocean w) 
shore of Britain, are not always so altered by time snd the action 
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j some Yarmouth fishermen off Scarborough, about 18: slightly altered, 
a sett seat tts ug falc ar any Slosacns nt eee eee bate 
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contemporary animals, the remains of which are found with those 
ah:dieeszanueal, to hove bean spend ener tin leek piso to sta 
great depression, accompanied by increased cold, as above noticed, 
and that they gradually retreated before the advance of the sea, 
diminishing the amount of low ground, the original connection 
between the British Islands and the land of the continent may 
have more resembled that shown as the boundary of the 600 feet 
depth, (figs. 65 and 102,) than that which we now find, In such 
a state of this part of Europe there would be an ample area of 
continuous dry land for the range of the clephants, rhinoceroses, 
and their contemporary, but the now extinct, species of hippo- 
potamus, oxen, deer, tiger, leopard, hymna, bear, and other 
mammals. Accumulations of bones could readily, as the land 
became depressed, be washed out of any lacustrine or fluviatile 
accumulations amid which they might have been embedded, and 





clsimning his share of the fvory. One portion was preserved in the collection of 
Mr. Pitch, of Norwich, A large humeras was, in 1837, trawlad up in mid-channel 
Detween Dover and Calais, in 120 fect water. A large femur was alyo found while 
trawling, about half-way botwoen Yarmouth wnd Holland in 180 feot water, and the 


senate Owen ES ci Hoel Mumisals p26 ea aces 
le patie bec Rp nets Tey in which mention is made of high tides 
having much uncovered the lignite beds at the base of the cliffs near Cromer, Norfolk, 
nd thet among the foal rematna of that bed, the lve: fw of 0 


end 

Hr Stribland polnted out, in 1884 C* Ascount of Land and Freshwater Shols found 
snssocisted with the Bones of Land Quadrupeds bonesth dilurial gravel, at Cropthorn, 
Worcestershire," Prosedings Geol. foc, vol. th p 111), that "a layer of fine sand, 


of Owen 

Hist. Brit. Fossil {Nfammal” 258), “The sand passes upwards gra 
fate gard, wblch extends fo the surfose, and dlsfers Rphpter ny ered 
gravel of the nelghbourhood, belng composed principally of pelbies of brown quarts, 
‘but occasionally containing ehalk flints, and fragments of Lins ammonites and 
eryphites. The bones, though most sbundant in the sand, are interspersed also in the 
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for the existence and increase of the is ius and the 
Rhinoceros tichorhinus. The land may not have a 
contem depression, or, if s0, not one cutting off all the 


former land, variously modified during its submersion, coated 
more or less with the detritus drifted over and thrown down upon 
it, and embedding the remains of such animals as perished during 
the submergence, there might be many sources whence the 
elephants, rhinoceroses, and other contemporary animals, could 
spread over the new land at the fitting conditions obtained. It is 
not difficult to conceive that these mammals may thus have 
revisited the area of the British Islands, again connected with the 
main land, so that their remains may be found in lacustrine and 
fluviatile deposits above the marine accumulations formed during 
the interval of depression.® As there is evidence in Western 
Europe of oscillations, as regarde the relative level of sca and land, 
in the more recent geological time, requiring much attention on 
the part of the observer, he will have carefully to consider their 


gravel ; but the shells are confined to the sand.” Two of the species off shells were 
considered to be extinct. From the fluviatile habits of some of these 

Mr. Strickland inferred, that the deposit oecuples the site of an ancient river bed 
He ut the same time polated oat “the greater change which has taken place in the 





nag foot 
of finely-taminated sand, full of shells, specifically identical with those which iahabit 
the adjacent river Don.” ‘The sand reposes upon w tertinry Limestone, 

* Localities aro mentioned whore, in the Mritish Islands, bones of these and of con- 
temporary mammals have been found entombed in fluviatile or lacustrine 
supposed to be above the accumulations referred to the period when erratic 
anit other ieo-transported detritus were strewed over the sca-bottom in this part of 
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shale aepabearar mesos under consider- 


Assuming, howev 
Bieriau inn Tidkuh Toul, flowed ye: dosaston sean 
the connection, it would be inferred that lacustrine and fluviatile 
accumulations would be the highest amid which we should expect 
to discover the remains of the Blephas primigenius and his con~ 


Amid any changes arising from the depression and elevation of 
land and adjacent sea-bottoms, should animals have lived in caves, 
carrying in their prey, should they had been carnivorous, or have 
fallen into fissures in the manner previously mentioned (p. 118), 
their remains, so preserved, would appear the most safe from re- 
arrangement by waves, tidal streams, or ocean currents. Though 
the bones of extinct bears and other animals found in caves had pre- 
viously attracted much attention, it was from the discovery of 
the remains of mammals in a cavern at Kirkdale, in Yorkshire, in 
1821, and from the descriptions of all the circumstances attending 
the mode of occurrence of these remains, and of the condition of 
the cavern itself, subsequently given by Dr. Buckland, who visited 
the spot a few months only after the discovery, that ossiferous 
caves attained a new interest. This cave was found by cutting 
back « quarry, as many others have alzo been. Its greatest length 
was found to be 245 feet, and its height generally so inconsider- 
able, that in two or three situations only could a man stand 
upright. ‘The following (fig. 105) is the ection of it, as given 
by Dr. Buckland ;*—a, a, a, a, being horizontal beds of lirnestone, 
in which the cave occurs; 4, stalagmite inerust- Fig. 105, 
ing some of the bones, and formed before the 
mud was introduced ; ¢, bed of mud contain- 
ing the bones; d, stalagmite formed since the 
introduction of the mud, and spreading over 
its surface ; ¢, insulated stalagmite on the mud; 

F, f, stalactites depending from the roof. ‘The 

surface of the sediment when the cave was first 

opened was nearly smooth and level, except in those parts where its 

regularity had been broken by the accumulation of stalagmite, or 

oil eed alia its substance was an argillaceous 
ly-micaceous loam, composed of such minute particles as 

= by fomemnerhe pape oprelene pre ca 3 

calcareous matter, that seems to have been derived in part from the 

dripping of the roof, and in part from comminuted bones.”t The 
* “ Reliquie Diluvianw,” 1823, + Thi 
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ditions changed, the shores ranging gradually to higher levels, the 
matter of fine mud could be water-borne through the shingles or 
fragments. Such muddy water once in the cavern, either from 
this source, or entering amid other cracks and chinks, the resulting 
mud would settle over the floor, enveloping all within its reach in 
a mass of fine sediment. In either case, any germs of marine 
animals secreting hard parts, and entering with the water, would 
scarcely be properly developed in such a situation. 

Ossiferous caverns being merely those amid caves in 
which, from fitting circumstances, mammals have made their dens, 
or into which they have fallen or been drifted, all the sinuosities 
and irregularities of such cavities, both as regards horizontal and 
vertical mange, have to be expected in them. ‘They are found to 
be variously filled in different localities, g0 that it becomes difficult 
to point out any particular arrangement of parts common to the 
whole, At the same time, the following longitudinal section 
(fig. 106) may afford somewhat of a general view of many which 
have been discovered. In it J, 2, l, represent the section of a 
limestone hill (these caverns being like caves in general most 

Fig. 106. 





t 
common in limestone rocks), in which there is a cavern, 5, 6, 
communicating with a valley, v, by an entrance, a. A floor of 
stalagmite, d, d, covers bones and fine sediment accumulated 
in the cavities, c, « A column of stalactite and is 
represented between the two chiet’ chambers of the cave, and 
which may or may not have blocked up the passage from one to 
the other, Any circumstances having removed a covering af the 


peer cee mse moet bare rad remark nothing more than the 


even, if the passage between the chambers be closed by stalactite 


$$ 


900 CONDITIONS FOR STALACTITE AND STALAGMITE, ma 
and stalagmite, return from the outer cave without being aware 


been drified into them, or be the remains of mammals which have 
entered and died in the caves—that great attention should be paid 
to the mode in which the bones may be accumulated, and to their 
whole, fractured, gnawed, or other state. Very careful and com- 
plete sections require to be made of the cssiferous accumulations, and 
these should not be confined to one portion of a cavern; for, during 
a long lapse of time, an open cave may have been variously tenanted 
or strewed with bones. If an observer be in search of evidence of 
ossiferous caves having been the dens of predaceous animals, not 
only the marks of their teeth upon the remains of such bones a3 may 
not have been consumed are valuable, but also the mode of oecur- 
rence of fizcal remains, and the rubbing and polishing of portions of 
the walls, especially in the narrower passages, are important. 

With respect to stalactitic and stalagmitic incrustations, they may 
have happened at all times when « cavern was above the sea or 
water-dmiinage of the time, so that the atmosphere entered it, and 
bicarbonate of lime percolated in solution through the containing 
rock into the cave. Thus bones, as in the Kirkdale cave, may 
have been embedded in this calcareous substance, as well prior to 
the introduction of any fine sediment by means of water, as after- 
wards, It is the repose of stalagmite upon an even flooring of 
the vedimentary matter enveloping the bones, which shows an 
alteration of conditions, one from a state of things when i 
could not be accumulated on the bottom of the cave, to that which 
pormitted it, 

As the remains of mammals of existing kinds, such as the red 
deer,* of the roebuck,t badger,t polecat,§ stoat,|| wolf] fox,** 





* InKirkdale Cavern, Yi and Kent's Hole, T Bui 
Sie iene 
+ Fissure in limestone, with the remains of Rhinoceros tichorhinns, Caldy Island, 
Pembrokeshire; Owen, “Hist. British Foss. Mammals," p. 438. Dr, Buckland 
mentions an antler, “ approaching that of the Toe,” in the Paviland Cave, 
t Kent's Hole, Torquay: Owen, “ Hist. Brit, Foss. espe pe 
Belgian Cave, Dr. Schmerting, Berry Head, Devon; Owen, “ Hist Bult, Fows 
P. 
{Kirkdale Cave; Buckland, “Reliquie Diluvianw." Kent's Hole, Torquay 
Owen ie Be For. Manat.” ay : 
Kirkdale Cave; Paviinnd Cave; Oreston, Plymouth; Kent's Hols, Torquay. 
Buckland, *Reliquie Diluvianm ; Owen, * Hist, Beit. Foss. Maramale 
erry Siar olay Mare aes age Brit. Foss. Mammals.” 
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water-vole, field-vole, bank-vole, hare and rabbit, have been dis- 
covered in caves mingled with those which are extinct, and as the 
remains of man have been detected in similar caverns, it becomes 
needful most carefully to study the circumstances under which all 
these remains may occur; so that while, on the one hand, we do 
not neglect the kind of evidence which might thus show the con- 
temporaneous existence of mammals now partly extinct, and partly 
living,t and also of man with the same kinds of animals, on the 
other, the accidents which may have brought such apparently 
contemporaneous mixtures together may be duly regarded. Thus, 
had not Dr. Buckland employed the needful caution, human 
temains (those of a woman) in Paviland Cave, Glamorganshire, 
might have been regarded as proving the contemporaneous existence 
of man and of the Elephas primigenius, Rhinoceros tichorhinus, and 
Ayana spelwa. In this case, the cave had evidently been employed 
as @ place of sepulture by some of the curly inhabitants of that part 
of Wales, and the ground containing the remains of the extinct 
animals moved.t 

* Buckland, “ Reliquim Dilurianm;" Owen, ‘Hist. Brit, Foss. Mammals” 
+ The following list of animals, the remains of which hare been found in the eaves 


Messesle 7 Vorpwtilncstade, Alain forem-orc bem, Urns prises elise 
Males tearus, Putoriue vulgaris and erminews; Lutra vulgaris (fom Durdham Down, 
Bristol, on the authority of Mr. B. T. igen); os opar and welper Hyena 
spetan, Folia npelaa end cotus  Machairodus latidews, Mus musenlus, Arvicola amphibia, 


plete, to have been four or five inches ia diamewer. Portions of elephants’ tusks 
obtained, one nearly two feet long; and Dr, Buckland inferred that the reds and the 
ings hnd been made af the fossil frory, the search for which hai eansedl the marked 





‘ 


certain caves have been inferred to have been the dens of extinct 
bears and hysenas, in the latter case fiscal remains, considered to be 
of a very characteristic kind, marking the continued residence of 
these bone-consuming animals, and a quiet entombment of such 
bodies with ordinary osseous remains. One kind of animal, such 
as the cavern bear, may have occupied a cave ut one time, while 
hyenas may have tenanted it at another, and both may have been 
ior aria drmielets eerie "great 

the mavkairodus.t During the occupation of the more 
“aes portions of a cave by such great mammals, smaller animals 
teuldfinvetived in, the clnor Lolees and) lantoenGeeea teat 
feeding upon remnants of the prey brought in by the larger car 
airoiay sed somethin Elling vscioce.eamclvon Cae In 
certain caves, bats may often have clustered in places in the higher 
parts of the chambers, secure from the bears, hyznas, or felines, 


particnlar gem 
sqxtinet mammal, and the rabbit only found living, it would be » serious eeror Saal 
from the habits of the latter, that the former always lived in burrows which itdug 


445), calls attention to the habits of the lion and panther, 
killing their prey, “secure it in thoir jaws, and bear its weight on 
with It to these caves.” As 


esecian icles of rocks, and similarly-protected places, are 
pots to ‘they carry their prey.” 
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remains of which are discovered in ossiferous caves, we feel certain 
that not only would their bulk have prevented them from passing 
through the only communications, which can either be seen or 
suspected, between the open air and chambers of many caves, but 
also that their habits would not direct them to such retreats. As 
prey to carnivorous mammals inhabiting caves, dragged in picce- 
meal through comparatively small apertures, when their bodies 


good evidence on this head. ‘Tt has been remarked, that the tecth 
of the extinct elephant found in caves, show that young animals of 
this kind had chiefly been brought into them, This, however, 
does not seem to have been the case with respect to the Khinoceros 

« tichorkinus, since the remains of full-formed individuals of this 
Species are, in some cases, sufficiently abundant ;* neither does it 
show that many a large elephant may not have fallen a prey to the 
great carnivora, especially the feline, its bones and teeth being left 
elsewhere, and perhaps in great measure consumed on the spot 
by hywnas, 

‘That men have at various times inhabited caves, and used them 
as tombs, is well known ; and the case of the skeleton of the woman 
at Paviland, above noticed, is sufficient to show that ossiferous 
caverns may have been thus employed.t If man had been a con- 
temporary inhabitent of the regions where these extinct carnivora 
roamed in search of their prey, he might, as well as other creatures, 
have occasionally formed a portion of such prey. Where pieces of 
pottery are discovered, which appear to mark the residence of man 
in the caves, we merely seem to have evidence that he frequented 
them at some period, perhaps not well defined ; unless, indeed, the 
mode of occurrence of the pottery be such that no doubt of the 
relative date of its introduction can exist With flint or other 





* Having examined the easiferous cave of ‘Tor, in Gower, Glamorganshire, 
shortly after its discovery, by the eutting back of a carboniferous limestone quarry, 
we were struck Ly the narrowness of @ part of the entrance, where 


animals, apparently bywnos stopped, with Inrge pur 
tions of the carcames of the Jhinccees tichokinu, numbers of the teeth of which, 
the other remains, accumulated olose outside it. 


i ‘enumerating the osseous 
hich rewarded the rewarches of himself and the Earl of Kuuiskillea in the 
‘of Geilenruth, ‘Scharafeld, and Baumanns Hole, mentions that frg- 
siesta of rode pottery were discovered in these four caves ; ‘old galnw and Srea loupe: 
hold Implements of most ancient and uncouth forms in that of Tabousteln,” and 
recent bones of pigs, birds, dogy, foxes, and rumioants, in every eave examined. 
+ The of the cavern of Miallet, near Anduze, department of the Gard, 
defies oar alton deta Bockes Gologique ce France= tom. 11.), affords a neefil 
ibuetration of the manner in which human bones may occur with those of extinot 
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stone arrow-heads and knives, such as have been discovered in 
Kent’s Hole, and elsewhere, there would be more difficulty, if other 
evidence was not opposed to the inference. When bones of men, 
as they are stated to have been, are discovered really mixed amid 
those of the extinct carnivora and other animals found in ossiferous 
caves,® the subject is one of no slight interest, and requires at least 
very careful investigation, without prejudgment of any kind.t 

Ossiferous caverns may offer greater complication than those 
previously noticed, in which the apertures or mouths opening to 
the air are considered to have been more or less lateral, presenting 
ready ingress and egress to mammals. A cavern of the kind 
represented, in longitudinal section, fig. 107, may have been 
of a mixed kind partly composed of a portion, ¢, rising upwards, » 
ag is ale) seen in many which are not ossiferous, and 


of coarse pottery, worked bones, and small flint 
‘state of the arte a 


than the preceding. 


ted, 
¥y the remains of more advanced art, As regards 
‘and the bears, it {# inferred that this Is 
lived together in this cavern, 
* Dr. Schinerling (Ossemons Fossiles des Caverns de Liége) mentions human bones 
decidedly mixed with those of the extinct elephant, rhinoceros, bear, and. 





—. 
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animals falling through it to the cave beneath, fragments only of 
the rock in which the whole is situated so doing (and it should be 
remembered, that in numerous caverns the fall of rocks from 


Fig, 107, 





e 
various parts of the roofs and sides may have happened at all times), 
the osseous remains of animals entombed would belong to those 
which may have entered, lived in, or been dragged into the cham 
bers. If the cleft were sufficiently wide for animals to fall 2 
as mammals now do similar fissures, there might be two modes of 
accumulating the remains of the same, or nearly the same crea~ 
tures ; one resulting from the occupation of the cave by predaceous 
animals, and any others able to live in the same place with them ; 
the other, from the fall of animals through the fissure, sometimes 
inging down with them fragments of rocks, and so wholly or 
partly burying their carcases beneath such fragments, 

If we awume the submersion of such a cavern, much, as to 
the results, would depend on the rapidity or slowness of the sub- 
mergence. Supposing the latter, and that the mouth of the cave 
was closed, either prior to it or during its progress, fragments off 
rock, such as we often sce thickly strewed over limestone hill and 
mountain sides, descending readily over it; the common earth 
(usually the cementing matter of such fragments on hill sides) 
would be removed by the wash of the sea, and muddy water, in 
part, perhaps, thus derived, enter the cave, enveloping with fine 
sediment the bones in the interior, a, g. The sediment rising 
only according to the amount of matter introduced, it might so 
happen, thatan even floor did not surmount the level, g, mud alone 
completely intermingling with fragments of rocks or bones in the 
lower part of the mass, 4, Submergence slowly continuing, and 
the fissure, ¢, still open, animals could, as before, fall through, until 
finally the whole hill was beneath the water. Much 
might arise in such a case, and more especially if the upper part of 
a fissure had never been closed over by detritus even to its emer- 

x 
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gence, or that it had not been coverod by wnter at all, so that it 
was always open to catch unwary animals, or those hunted by 
predaceous mammals, during a time when the quadrupeds of the 
country may have been changed or much modified. i 
fissures in caves are sometimes so filled with fragments of rock, 
sand, clay, and earth, as to show the necessity of great caution, 
when inferring that the osseous remains of many caverns had been 
derived through the lateral mouths alone. 

In examining ossiferous caverns, attention should be directed to 


strewed about. Let us suppose that in a valley, 0, 06 ise ad 
following is a section (fig. 108), two ossiferous caverns, a and 6, 
oceur on the side of the hill, ¢, a river, r, being of sufficient size to 
bring down mud, sand, and gravel, especially during floods. The 


Fig. 108, 


lower cavern, 6, would from this cause be exposed to deposits, 
Soe hres ok eoareald which there oceurred, floods 
time to time surprising and killing animals suddenly caught 
by them in it. Ths would ‘aot be the ase wits the Iiskne Rea 
out of the reach of such fluviatile action and deposits. 
surface of the land had been disposed much as we now 
anterior to a submergence beneath water, (a supposition by 
means necessary,) both these caverns may have had detritus 


Pa 
gre 





Cu, XVL) DEPOSITS IN SUBTERRANEAN RIVER CHANNELS. bbe 


parent rocks, or from any gravel or shingle accumulation where, 
for a time, they may have been stationary." 

“Much and very proper stress has been laid upon the accumulation 
of bones with mud, sand, gravel, and fragments of rock in those 
subterranean and cavernous channels through which streams and 
rivers so often pass in limestone districts. Into these, animals 
surprised by floods are often carried, and from them are seldom 
known to emerge, the passages being commonly so complicated, 
that even inferring sufficient space for the bodies to pass through, 
the intricacies and vertical arrangements of the channel are such 
that the osseous portions of the animals, whatever may become of 
the flesh, whether eaten or decomposed, remain and accumulate 
in these cavernous passages. In some tropical and limestone 
countries, as, for instance, in Jamaica, it is very instructive to 
watch the effects of a sudden flood hurrying forward a mass of 
turbid water, and, occasionally, various creatures into great sink- 
holes.t In more temperate climates, a sudden flood often surprises 
animals, occasionally large, in low grounds near the entrances into 
eavernous channels, and, according to the capacity of the channel 
and the size of the entrance into it, will depend the ready disap- 
pearance of the animals thus swept onwards, Sometimes the 
volume of water is so great, that they are not readily engulfed, 
whirling about at the entrance, then bencath the level of the water 
ponded back, until the flood somewhat subsiding, the bodies of the 
animals enter and become lost in the caverns, 

* As regards the contents of the owiferous cave of Kent's Hole, often mentioned 
above, Dr, Buckland Informed me that Mr, M‘Enery found rounded portions of 
granite ond greenstone beneath the stalagmitio orust, as also fragments of sandstone 
and slate, some of them rolled. Tho cave itself is in limostone, the sandstone, slate, 


and greenstone rocks associated with It in the district, but granite does not ocour 
‘than Dartmoor, 13 miles distant, According also to Colonel Mudge 


remains found fn this bed, 34 feet thick, were those of the elephant, rhinoceres, borne, 
ox, hywna, sheep, dog, wolf, fox, bear, hare, wator-rat, and a bird of considerable 
size. Many of the bones were “splintered, chipped, and gnawed,” and coprolites 
‘wore found in the omiferous bed, Pebbles are found in several ossiferous caverns. 

+ With tho various land mollnses canght by heavy,and often sudden tropical rains, 
and swept Into these sink-holes, land hermit or soldier crabs, are in certain localities 


grat 
const. We have seen those crustaceans at 12 to 14 miles from tho yea 
stone districts of Jamaica, and can confirm the statement of Mr, 
C* Notes on the Geology of Cuba,” Philosophical Magazine, 1857), respecting 
habits as noticed by him in similar districts of Cuba, Marine shells may thus readily 
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Even under the somewhat simple conditions of ve | 
diamncla at down in he ates basa ig, 0) ee 
obvious that not only detrital matter and 









emerge at d, supposing the channel to be sufficiently short, and the 
water be kept in the proper agitation throughout. Under ordinary 
conditions, a large amount of the clongated cavern would be 


represented, the general form of the channel, and especially the 
depending portions of the roof, ¢, ¢, ¢, opposing obstacles to their 
transport outwards tod, Should the impediments to the 
of the water gmdually accumulate (and among these large falls of 
fragments from the roof would be important), an outlet of this kind 
may be even completely stopped. If we suppose a submergence 
of the land, such a channel might also be completely filled with 
detritus, so that, upon a subsequent emergence, the drainage 
formerly effected through the passage 5, d, being blocked up, it 
passed elsewhere, and the former outlet, d, might form the entrance 
into an ossiferous cavern on the lower side of’ a hill. 

Many caverns conyey out waters which have accumulated amid 
the rocks of which they form a part, especially in limestone dis- 
tricts. These streams sometimes choke up parts of the cave, so 
that they cannot be passed during a rise of water, though com= 
municating between chambers still above the level of that water. 
Such subterranean streams occasionally transport sedi 
matter, and leave it in situations whence it is not easily detached, 
and where it may cover up the osscous remains of animals, or the 
works and even the bones of men. ‘This would appear to have 
‘been the case, as respects the mode of occurrence of the human 
remains observed by Dr. Buckland, in one of the branch chambers at 
: Hole, in the Mendip Hills, near Wells. Human teeth and 
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fragments of bone were “ dispersed through reddish mud and clay, 
and some of them united with it by stalagmite into a firm osseous 
breceia,”* Among the loose bones he found “a small piece of a 
coarse sepulchral urn.” The mud and clay seemed clearly to have 
been derived from the adjacent subterranean river, which, in its 
overflowing, reached this chamber. 

Ossiferous caverns are sometimes entirely destitute of stalagmite, 
forming a level crust over a floor, or even any deposits or incrust- 
ations of the kind. The ossiferous mass found in Banwell Cave, 
Mendip Hills, was composed of little else than fragments of the 
limestone in which the cave occurs, mingled with the bones of the 
cavern bear and other extinct mammals. Similar caves have been 
found elsewhere, the bones and fragments of rock only requiring, 
as M. Therria long since remarked, a cementing substance, such as 
carbonate of lime, indurated clay, or other mineral matter, to form 
those accumulations known as osseous breccias.t As caverns which 
may have been the dens of predaccous mammals, occasionally 
present clefts and fissures filled in this manner, it is important to 
ascertain, when such are exposed to view by the cutting back of 
quarries, whether they are merely clefts and fissures, such as repre- 
sented beneath (fig, 110), and which have probably never formed 
® portion of a cavern, properly so called, or are parts of an ossiferous 
cave, which further researches may expose. 

In this section (fig. 110) a, 4, ¢, represent fissures filled with 
casifyrous breccia, an offset at f, giving a horizontal character to 
Fig. 110. 

‘ 





part of one of them. In limestone districts, and in such countries 
clefts containing osseous breccias are the most common; a reddish 





*“ Reliquim Diluvianw,” p. 165. 

4. Man. do la Socéts <'Mistolro Naturelle de Strasbourg," vol. Ly wherein 
‘M. Therria describes the Groue de chagehen fe Rigg ve taaetcie ing ea 
remains of elephant, Dea atheofeae fae mes Rigi ler rear ae tam 

found. “These remains were cousidored to have entered through a cleft 


ae! 


of limestones, in or near which the fissures occur, a8 

hus Tp since (1698) been somarked by M. do Craals The 
carbonate of lime being wholly, or in great part, remoyed in solu- 
tion (the needful carbonic acid being present), the remaining 
portions of the limestone, comprising any carbonate of lime which 
may have been left, alumins, silica, or other substances, including 
iron, become coloured by the peroxidation of the latter, as may be 
frequently observed in the soil of limestone districts, particularly 
among the carboniferous limestone countries of the British Islands 
and Belgium. These fissures, when clearly unconnected with 
caves, are inferred to have been partially filled by the falling im of 
animals.t 

Osseous breceias are found us might be expected, in different 
countries; their contents variable, and pointing to differences in 
the time, though always at comparatively recent 
when they were accumulated: indeed, such could scarcely but 
have happened with these ossiferous accumulations, whether found 
im caverns or in fissures, since we have reason to infer that the 
bones of animals are now being gathered together in similar 
situations in different parts of the warld.t It ie chiefly as regards 
their possible or probable connection with the inferred interval of 
increased cold, at a particular time, in the northern hemi: 
that ossiferous caves and breccias are here noticed, Under the 
hypothesis of this increase of cald being accompanied by the aub- 
mergence of n large portion of Europe, affecting the area above 
mentioned, such submergence being gradual, perhaps with oscil- 
lations, unequal in different portions of the general area, and 

* “Observations Générales sur les Brochos Onsoures;" Montpellier, 1894, 

+ With expect to the falling in of animals into fissures, Dr. Buckland, direoting 
attention to this subject in 1823 (* Reliquie Diluvianw,” pp, 56 and 78), mentions that 
animals now fall into a fissure in Duncombe Park, Yorkshire, nt it “ lies like m pitfall 
across the path of animals which pass that way.” ‘This fssure was found to eontain 
the skeletons of dogs, sheep, devr, goats, and hogs, each on the spot on which it 
sotually perishes.” Tt is remarked, that if a body of water entered this fissure, the 
bones snd the fragments of the limestone in which it occurs would be all washed to 
the bottom, Dr. Buckland also referred to the loss of catile down fissures, and into 
caves, experienced by the farmers in the limestone districts of Durbyshire, Mon- 
mouthshire, and Glamorganshire. 

 Ossiferons caverns nnd fisearee are found in varlous parte of Rurope, aa have 
boon discovered in England, Spain, France, Italy, Sardinia, Dalmatia, Croatia, 
Carsiols, Styria, Austria, Hungary, Polnnd, ‘and Germany. In the latter, bone 
caves have long beoa well known, und Cuvier pointe out, in ISEB, that they ex- 
tendest over 200 leagues (% Osscmens Fossiles,” Ine Hi), In 1828, De. Buckland took 
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followed by a rise of the same area, also, perhaps, with oscillutions,* 
and with very considerable modifications of its surface, there are 
apparently conditions for much movement amid the terrestrial 
animals of this portion of the northern hemisphere, They would 
be sometimes isolated and destroyed, as by continued depression, 
the sea passed over their feeding grounds; at others, they would 
retreat to regions where they could, for a time, establish them- 
selves and increase, some species being better able to preserve 
general view of tho eljont (* Raliguie Dillane”) as fer aalt was then known. 
his" History of Britoh Fowl Mi ‘and Birds,” Professor Owen brought it up, with 
tac ew nnn me psy ue ter ean 


‘kind discovered in the British Islands; and, in 1848, the Vicomte d’Arehiac 
(estore desProgtis dela Géologe" vol, Ire Parti) published abstract state 





geological 
Orsiferous caves and breccias, the remains of the animals detected in them 
chiefly of the marsaplal character, one 40 strongly marking the mammalia of that 
Innd in the present day. Part of the species of mammals, the remains of whieh are 
thus obtained are extinct, while others still live in Australia, 


E 


predaceous mammals, at others so filling it with water that they retreated from it, 
‘Where there are alteruations of stalagmitic floors, covering even surfaces with bone 
‘us is statod to havo boon the caso at 





— a 
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themselves than others. Upon « rise of the sea-bottom, and the 
consequent formation of new lands, migrations would be effected, 
according to the relative levels of these lands, as regards the sea, 
and as passages for the movement of certain animals would some- 
times present themselves more favourably in one direction than in 
another.* Accumulation of the bones and teeth of the same 
species of elephants, rhinoceroses, and other animals, the remains 
of which occur in accumulations beneath those formed at the cold 
or “glacial” time, are considered to have been detected also 
above them, together with the remains of some mammals not pre- 
viously inhabiting the area of the British Islands, and adjacent 
portions of the continent of Kurope. This subject offers a fertile 
field for the labours of an observer, ‘Though much may have been 
accomplished, much remains to be done, and it will require his 
especial care to see, that amid the new lakes and river channels 
formed when the ground took that general configuration which 
we now find, a rearrangement of bones, washed out of the older 
deposits containing remains of the Elephas primigeniua, Rhinoceros 
tichorhinus, and their contemporary mammals, and carried into 
the newer lacustrine and fluviatile beds, may not occasionally have 
been such as to mingle the osscous remains of the species of one 
time with those of another. 

As to the ossiferous caves, several closed at their mouths during 
4 time of submergence, may have been reopened by the sub- 
sequent removal of the detrital matter then accumulated, e that 
animals of the later time and of suitable habits again entered or 
drogged their prey into them; other eavernt being laid open for 
the first time for the entrance or fall of mammals, by the ordinary 
murine causes of denudation, during a depression and subsequent 
upheaval of the land. Many a surface is covered over by grivels, 
concealing former inequalities, amid which there may be caves and 





* Mr. John Morris, when noticing the occurrence of mammalian remains at Brent- 
ford (Athenseun, Pro. Geol. Society, § Dec. 1849), points out ns important * that # ix 
generally along those valleys where the presont drainage of the country is effected 
that we find the most extensive deposits of mammatian remains and recent shells, and 
consequently that very little alteration ean have taken place in the physical con- 
figuration of the country since their deposition.” The remains discovered at Bront- 
ford, and giving rise 10 there observations, were thore of the clepbant, rhinoceros, 
hippopotamus, auroch, shorthornod ox, red deor, rein deer, and great cave tiger or 
Hon, A few shells of rocent freshwater species were found at the samo time. As 
regards the existence of land and fresh-water molluscs, of the kinds still inhabiting 
Britain, Mr. Searles Wood, in hiv remarks “On the Age of the Uppor Tertiarios kn 
England” (Atheneum, Geol. Society, 5 Dec. 1849), infers, from # list of the mammals 
tigers goniageal periods, * that a race of animals has arison and departed whilst 
tho Jand and fresh-waler mollusca have lived on unaltered," and also (hat * fresh- 
‘water mollusca have a greater epecific longevity than marine." 


‘ 
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fissures, ogsiferous or not, according to circumstances. The 

accompanying section (fig. 112) is one of a quarry wherein lime- 

stone, 6, b, presenting a very irregular outline, is covered over by 

gravels, a, a, giving a general rounded outline to the surface. 
Fig. 112. 





‘The quarry is situated at Waddon Barton, near Chudleigh, Devon, 
und the limestone is of the kind (Devonian), wherein several 
cavers and fissures of the district are found (Kent's Hole, Yealm 
Bridge, Plymouth, and elsewhere), partly ossiferous and partly 
without bones. Amid such varied modifications of surfice as 
would follow submergence beneath, or emergence from seas, at one 
time perhaps bounding the area of the British Islands and adjacent 
portions of the Continent, as represented (figs. 65 and 99) by a 
line of depth, now no more than 600 feet beneath the surface of 
the Atlantic ; at another cutting existing highlands at about 1,000 
‘or 1,300 feet above that level, and finally producing the present 
distribution of land and water in Western Europe, it could searvely 
happen but that caves and fissures were placed under many modi- 
fications of condition. Not only may they have been closed at one 
time, and open at another, never completely blocked up, or pre- 
viously Inid open, as above noticed,* but they may also be cut 

So Mialig opetatices la Hmesione diotriots; uss So Snsianes av Chat of Dede 
shire, affurd numerous Instances of the Irregular distribution of caverns, so that new 
surfaces of land being produced, changes of this kind would follow. ‘The Spocdwoll 
‘Mine in that county i# a good example of a lofty cave, cut into while driving = 
mining tunnol, this cavern evidently communionting with the great eave of the Pesk 
At Castleton, sinee the rubbish from the one gots drifted into the other by the water 
Passing through s series of subterrancan channels, Tt was in 1822, while working 
‘the Dream lead-mine, near Wirksworth, in the same district, that # cavernous termi- 
uation to « flsure, communicating with the surface, was discovered ; ane which wax 
foand by Dr, Buckland to contain, among other osscous remains, those of » hte 
ncceros tichorhinas, 80 placed as to leave little doubt that they constituted the slkeloton 
of an animal which had fallen from above though « fssure.— See  Reliquia Dilu- 
‘vlanw,” pp. 61-67, aud Plate X. 
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back in such a manner with the adjacent rocks, that though they 
contain the osseous remains of earlier times, they are now apparently 
unfit, of at least most inconveniently situated, for the retreat or 
dens of predaccous mammals, or for trap-fulls to them and the 
snimals on which they lived.* 

With regurd to the migration of the great mammals of the north- 
ern hemisphere immediately before, during, and after the time 
when the cold is inferred to have been such as above noticed, and 
when, by means of ice, huge masses of rock and other detritus 
were transported, and thrown down on sea-bottoms, parts of which, 
upraised, now constitute a large portion of the dry land of North- 
ern Europe, Asia, and America, it becomes interesting to consider 
the mode of occurrence of the remains of the mastodon, a genus of 
great proboscidian mammals, approximating to, and of about the bulk 
and general form of the elephant, Those discovered in England 
have not been numerous, and have hitherto only been obtained 
fromm accumulations in Norfolk,t formed anterior to those, in the 
British Islands, in which are found the remains of the Hephas 
primigenius, the Rhinoceros tichorhinus, ond other mammals of that 
time. As far as can bo inferred from negative evidence, the Dfas- 
todon angustidens, the species which inhabited the British area and 
* Dr, Buckland, in 1823 (""Keliquiw Diluvianse,” p. 99), describing the Paviland eave, 
‘ecourring in the face of a Himextone cliff near Swanson, remarks on this kind of demu. 


+t Tho“ Crag,” as these deposits are usually tormed, is an accumulation of gravel, 
‘sand, and clay, with often an abundance of shells, extending over parts of Norfolle, 
Suffolk, and Tt, ond deposits sbove it, have been described by Mr. Taylot 
Cesiogs, of Fast Norfolk, 1827), Mr. Woodward (Geology of Norfolle, 1853) 
and Edin, Phil. Magazine, 1835; British Association, 


1840-42), Mr, Trimmer ("* Geology of Norfolk,” Journal of the Agricultural Soctety, 
‘vol. vii.), and others. ‘The lower part of these depoaits ix known ns the Corulline 
(ag secede maearone Pall ssl sn 400 esi ties sea 
to be found in t. ‘Upon this repoem the Red or Norfih Crap, tn whlch 300 speciea 
of shells have been found, about half of the latter oocurring also in the eoralline reg. 


cangrtictens 
oveur in the fluvio-marine or fresh-water accumulations, which are also remarkable 
for containing many existing shells. Dr. Mantel! mentions ('* Wonders of Geology,” 
Gth edit, 1865, vol, i, p. 224) thirteen tooth of the mastodon ax having bean obtained 
from the latter. 
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parts of Europe,* had passed away, at least in the former, before 
appeared. Wherever 


apparently roaming 
Pikanggande mason (2h pijenias) 0. Wovifceldh Be 
correct, that the dispersion of the erratic blocks and associated 
detritus ‘of that region was contemporaneous with that over 
Northern Europe. At all events, the surfice on which both these 
mammals fed, appears certainly to have been that which resulted 
from the dispersion of such accumulations in North America, 
both animals sometimes lost in boggy ground, as many an animal 
now is at the present day, and there perishing, their bones, after 
the decay of the flesh, preserved in a certain amount of original 
arrangement, If it should eventually be found that the remains of 
the mammoth do not occur in lower deposits of North America, 
that the North American is certainly the same elephant with the 
Blephas primigenius, wna that the erratic blocks and associated drift 
of both regions are really contemporaneous, there will have been 
evidence of « remarkable migration of the mammoth from the west 
to the cast, aftcr an interval of increased cold in the northern 
regions, and a submergence of them bencath the sea, On the cast 
the mammoths would have become associated with a species of a 
huge proboseidian whieh had disappeared, as a genus, from West- 
orn Europe, prior to their existence there, but which still continued 
to flourish on the continent of America. The remains of the mas- 
todon are stated to be found amid the superficial deposits of that 
continent as far as latitude 66° N., thus bringing them within the 
climates apparently not unfavourable to the mammoth, though, as 
Professor Owen has remarked, “the metropolis of the Mastodon 
giganteus in the United States, like that of the Mastodon angusti- 
dens in Europe, lies in a more temperate zone, and we have no 
oI ele et tee: 
for briving the rigours of an arctic winter,” 

£ he romaine of the Madndim anpuaiies bare been diacovered ia Frasoo, 
Germany, aud Italy, 
+ “Bist. of British Fossil Mammals," p. 207. 
Respooting the remains of the Mastodon yigaxtew, Bigbona Lick, in. northern 
Kentucky, and about yeten miles up a tributary of the Oho has lang boos castrated 
for them,’ and they have also beon discovered in several other localities. The 
*Liok,” ‘is so coliod from the saline springs which various animaly frequent. 
Even the contents of the stomach of the Mastodon giyntews havo been discovered, 

sxe beaocles al lavas gra, 8 red sow voll Known a Virgiae. 


‘A summary of the knowledge respecting the mode of occurrence of the American 
mastodons will be found indir Charter yells Tee ‘Travels in North Amorica. In hie 
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The observer will readily perceive that much, requiting great 
care, is needed in investigations of this kind, and that, when en- 
deayouring to trace the paths by which such animals may have mi- 
grated, and to ascertain the localities from whence, after retreating, 
they may again have, in part, been dispersed, districts over which no 
seas have passed, during the lapse of the supposed geclogical time, are 
of no slight value. Hence, among other objects of geological interest, 
the region of extinct voleanos in Central France is important, inas- 
much as it seems to have constituted dry land, during a range of 
time when several animals which once lived on its surface became 
extinct, among them the mammoth and Khinoceros tichorhinus. 
Amid the various notices of the remains of mammals found in situa- 
tions giving them geological date, may be mentioned that of M- 
Panel, wherein he describes an ossiferous fissure in a Jaya current 
(near Orbiéres, on the south of Clermont), which had issued from 
Gravenoire. It was filled with voleanic sand, pulverulent car- 
bonate of lime, and bones which are stated to be the same as those 
of Coudes and other contemporuncous accumulations, containing 
the remains of the elephant, Rdénoceros tichorhinus, horse, ox, &e.* 
Land shells, of species now existing in the district, are mentioned 
by M. Pomel, a3 sesociated with these ossiferous deposits, so that in 
this region alao, as in others of Europe and North America, great 
mammals have become extinet, while land and fresh-water molluscs, 
living with them, have continued to exist up to the present time. 
Posldon ofthe Macedo ppsatun, nnd osclatel Focal Remalos af Bighane Lok, 
Krtoaky, and other locate a th United Stnien and Canade ba potted ont ek 
“‘on both sides of the Appalachian chain the fossil shells, whether land or fresh- 
rivet (aoeys igtdat acd orp baghopserm einem 
inhabiting: rogions.” He also concluded that “the extinct quadrupeds, 
before tifided tote the United Daler Goamauees sagas Micke sae 
‘od megalonix), lived after the deposition of the northern drift; and consequently 
the colloee of llvates which peetably soloed in data wi the USEOpOrh OE 
riff, was not, a8 some pretend, the csuso of thelr extinction.” 

+ “Bull. de la So¢. de Prance," tom, xly,, 1842-3, A very instructive lecture was 
given by Sir Charles Lyell, at the Royal Institution of Great Britaln, on this region 
Su 1847, an account of which appeared in the Atheneum of the time. He especially 
called attention to changes which St mammals hal undergone, ay whown Uy the 

accumulations, 


osseous remains preserved in the alluvium associated with volcante 
«no flood or return of the ocean huving disturbed the surface,” 


CHAPTER XVII. 


YOLOANOS AND THEIR PRODUCTS —IKIGHT ABOVE THE SEA—CRATERS 
OF ELEVATION AND ERUPTION. —FOSSILIPRROUS VOLCANIC TUPT KN. — 
SEVERAL ORATERS ON ONY FISSURE.—VOLOANIC VAPOURS AND GASES.— 
VOLCANIC SUBLIMATIONS.—MOLTEN VOLCANIC PRODUCTS. —FLOW OF LAVA 
STREAMS, —VESIOULAR LAVA, — VOLCANIC CONES. —COTOPAXL—VOLCANOS 
OF HAWAII.—EFFEOTS OF LAVA ON TREES, 


DistRtRvTeD over various portions of the carth’s surface, as well in 
high southern and northern latitudes, as in temperate and tropical 
Tegions; at points in the ocean far distant from main masses of dry 
land, as well as upon the latter themselves, free communications are 
eflected between the interior of our planet and its atmospheric 

fovering, tvagh which molten rock, cinders, ond. sabes sb 
Goi ” That great heat, if not the primary, is at least a chief 

cause by which these mineral substances are thus up- 
heaved, is rendered evident by the high temperature of the bodies 
thrown out. ‘The molten rock flows as a viscous fluid, and retains 
its high temperature for a long succession of years; and mineral 
substances are yolatilized, which, we learn from our laboratories and 
furnaces, are only raised to that state by great heat. At the 
same time that these mineral bodies are ejected, vapours and gases, 
of a certain marked charscter, are expelled, so that by carefully 
combining the mode of occurrence of the various products, with the 
composition of the substances themselves, an observer, by the aid 
of sound chemistry and physics, may hope so to direct his inquiries 
as to obtaina fair insight into the causes and effects of volcanic 
action, 

As regards altitude above the level of the sea, volcanic products 
are accumulated at various heights above that level, doubtless also 
forming the bases of many volcanos benesth it on the floor of the 
ovcan, Tho most clovated of known volcanos constitute such an 
insignificant fraction of the earth's radius, that variations in height 
do not sppear to offer any great aid in ascertaining the causes of 
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volcanic action, though certain of its effects may thereby be some- 
what modified, especially when volcanos rise into the regions of 
perpetual snow. Cotopaxi, the cone of which rises, in the Andes, 
12 leagues 8.8.E. from Quito, to the height ofsomewhat more than 
19,000 feet above the sea, forms but an insignificant part of the 
radius of the earth, not constituting so much as 33 miles of that 
radius, or about +)yy th of it.” 

With respect to the kind of openings through which the gaseous 
and mineral substances are vomited forth, there has existed much 
difference of opinion, While some geologists infer that the rocks 
through which the volcanic forces found vent had been so acted 
upon that they were upraised in a dome-like manner, the gaseous 
products bursting through the higher part, driving the “Thter 
substances into the atmosphere, if the dome were ¢levated into it, 
and mising the viscous molten rock, so that it flowed out of the 
orifice ; others consider that there has been a simple fissure or aper- 
ture in the prior-formed rocks through which the volcanic products 
were propelled, the solid substances accumulating round the vent, 
80 that a deceptive dome-like appearance is presented. 

‘The following sections (figs. 113 and 114) may assist in show- 
ing the differences between the “craters of elevation,” first 
under notice by M. Von Buch, and so ably illustrated by M. 
de Beaumont and other geologists, and the * craters of eruption,” 
as they have been termed. Fig. 113 represents a portion of 








* Humboldt (Kosmos) refers to the relative height of volcanos as probably of ean- 
ap ale oeaghprimt emt 
general surface of the earth. He refers to eruptions being commonly more 
from lofty than from low voleanos, eanmerating the following Stromboli, 2918 foot 
(English); Guacamayo (Province of Quiros), where there are almost daily detona~ 
tions; Veravins, 887% fect; Bina, 10,870 foot; Peak of Tenoriffe, 12,175 foot s and 
Cotopasi, 19,070 feet, 
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deposits more or less horizontally arranged, fmetured and upraised 
in a conical or dome-shaped mass, a portion of them, g ae bh, 
being divided and rent at c, 20 that volcanic forces, pressing 
through, find vent. For the ke of illustration, the rocks broken 
are assumed to be accumulated in beds. This is by no means 
essential, the mass disrapted may have been composed of certain 
crystalline rocks, such as granite, to be hereafter noticed, bearing 
no marks of stratiform arrangement, If now ashes and cinders be 
thrown out of this vent, and accumulate in more or less conical 
layers, one outside the other, until at g and 4, the original and up- 
heaved beds are concealed, and a crater presents itself at v, through 
which similar substances continue to be thrown, it may be very 
difficult to distinguish such an arrangement of parts from those 





haye accumulated in conical layers, as before, the apex crowned by 
the crater, v. 

It will be obvious that in both cases, if the volcanic accumula- 
tions had been substrial, even with the addition of the flow of lava 
currents, and of cracks amid the ashes and cinders filled with 
molten rock, (which have been excluded from the sections to 
render them more simple,) much difficulty would arise from the 

similarity in the arrangement of the voleanic jucts 





‘320 POSSILIFEROUS VOLCANIC ASHES AND (Cu. XVI. 


shown by fig. 113, portions of subjacent and tilted beds of dis- 
similar rocks could be seen, as at g and A, or of similar volcanic 
accumulations, as in fig. 114. 

Evidence of a better kind would be expected, should the ashes, 
cinders, and molten mattcr have been accumulated both beneath and 


if upraised above the sea level, the original dome or cone-shaped 
rocks, a 6 (fig. 113), though covered, for a time, by a mass of 
matter, gv h, the result ofa high state of activity in the volcano, 
may finally become visible, and afford the information sought. 
In the same manner, evidence of another kind may be obtained, 
as regards the accumulation from simple volcanic eruption, by 
marine denudation, as chown in fig. 114. In both sections it is 
supposed, that volcanic action not ceasing, conical accumulations 
may continue to be formed inside a crateriform cavity, more or 
less occupied by water, cliffs all round facing an active volcanic 
vent, as at f (fig. 113). 

Under even these favoursble circumstances, the observer should 
employ great caution, The facts presented to him may require no 
little comparison and classification; for in such localities, more 
especially, he has to consider how far the relative levels of the sea 
and land may have remained the same since the various accumula- 
tions before him have beon effected. Let it be supposed, for 
illustration, that he detects organic remains in beds surrounding 
the interior basin of water, in which the volcanic island still vomits 
forth various gases and products, Should the deposits g and & 
(fig. 113) be of the more recent geological times, commonly 
marked hy the presence of the remains of molluscs, not much, if at 
all, differing from those still existing in the vicinity, and should 
the mineral composition of the including beds not be decisive on 
the point, the subject may not be so clear, By reference to the 
section EY hr 114), it will be seen that if the line, de, representing 
the present level of the sea, be raised, and, consequently, the whole 
mass of rocks, including the supporting deposits, a ¢ 5, relatively 

* depressed, the layers now above the sea, being then below it, 
molluscs may have lived upon and amid these layers while they 
successively constituted the sea-bottom, as upon any other sca- 
bottoms, and as many molluscs must now do around volcanic islands. 
‘There is no difficulty in considering that, during a long lapse of 
time, breaker action aided in the re-arrangement of many sub- 
stances, including animal remains, on the subaqcons slopes of vol- 


[a 
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canos, the angle of the beds varying according to obvious conditions, 
Any change in the relative levels of the sea and land, which the 
observer, as he pursues his researches, will find to have been so 
frequent, and often so considerable, that should mise the general 
mass (fig. 114), 80 that d ¢ be the line of sea level, would expose 
the edges of these fossiliferous beds facing the interior. And it 
should be borne in mind, that in many localities caleareous beds, 
and‘even limestone, may become mingled with such its durii 
ar arranss arcialatice ee Pe 
When studying the fractures and contortions of rocks, as well on 
the small as the large scale, there will be frequent occasion to 
remark, as will be more particularly shown hereafter, the mixture 
of flexures and fissures, and the extension of the one into the 
other. ‘The subjoined example (fig. 115) of the termination of a 


Fig. 115, 





fracture and flexure, occurring amid the slightly-inclined beds of 
lias near Lyme Regis, Dorset, may uid in illustrating a point of 
much interest connected with the present subject, namely, that in 
the more marked instances adduced of “craters of elevation,” a 
considerable break or outlet is ofien found on one side. The plan 
(fig. 115) shows an alternation of the thin-bedded limestone of the 
lias of Dorsetshire with shale, the whole broken through by @ crack, 
@, b, the continuation of one where there is dislocation producing 
movement on the sides, and which terminates in a boss at 4, with 
somewhat diverging small cracks. The interior is composed of 
limestone, round which shale, covering it, is exposed by the pear- 
shaped profrusion, outside which is another limestone bed, ¢ ¢ ¢, 
dipping outwards from the central portion, }, the whole taking a 
more horizontal character towards a, where, for a certain length, 
the plane surface is merely broken by a fissure, With proper 
forcesand resistances employed, a like disposition of parts could be 
obtained on the large scale. 

Tf, as on the subjoined plan (fig. 116), such a state of things 
had been brought about on the large scale, and volcanic forces had 
been enabled to find vent at different points, there may be good 

vy 
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evidence of a crater of elevation, and of other voleance presenting 
no such evidence, all situated on a great line of fracture ending in 
a dome-like flexure, with, perhaps, a common communication 


Fig. 116. 





between them. Atd ae, the beds broken through would dip, 
with radiating cracks, around « gorge opening in the direction of 

the main fissure towards 6, while surrounding the volcanic vents, € 
and f, the strata may be horizontal, Under such circumstances, 

the volcanic accumulations being continued, so that they may be | 
intermingled, if the whole be regarded with reference to depression 
beneath the sea, or elevation above its level, the observer will 
perceive that numerous complications would arise, requiring no 
slight care properly to appreciate. 

As there is every reason to infer that voleanic substances have 
been, and are ejected at various depths beneath the sea level, as 
well a3 above it, the modifications of the products arising under 
the former conditions have to be properly estimated, more particu- 
larly when we have to associate such modifications with changes 
in the relative levels of sea and land, so that accumulations formed. 
at various depths beneath water may be mingled with those 
gathered together in the atmosphere. That subaqueous would 
gradually approximate to subsirial deposits, as the accumulations 
round volcanic vents rose from different depths in the sea above 
its level, will readily be understood. When eruptions picroe 
through the sea level, ashes, cinders, and stones are gathered round 
crater, and vapours and gases are evolved, as happened off 
St. Michael's, Azores, in 1811 (p. 100), and in the Mediterranean, 
between Pantellaria and the coast of Sicily in 1831 (p.70). At 
such times the voleanic forces so accumulate mineral substances 
around the vent, and so, for the time, overpower the action of the 
sea, that it is not until these forces have been expended, or greatly 
abated, that the breakers can abrade the land, and, supposing 
no subsidence, or falling in of the mass of voleanic matter thus 
raised, and the latter sufficiently incoherent, level off the aceunmu- 
lations to the depths to which waves can mechanically act. 





On. XVILJ VOLCANIC VAPOURS AND GASES. = 
Fully to appreciate the modifications which may arise in volcanic 
action at various depths in water, productive of effects which can 
only be inferred, very careful study of the gases and vapours 
evolved, of the chemical composition and mii character, 
and of the mode of occurrence of the solid substances thrown out 
from subatrial voleanos, is needed. With regard to the vapouns 
and gases evolved, the chief appear to be aqueous yapour or steam, 
sulphurous acid, sulphuretted hydrogen, hydrochloric acid, and 
carbonic acid, Steam is a very common product, and, as Dr. 
Daubeny has remarked, is sometimes emitted for ages from voleanie 
fissures.” Hydrochloric acid is also common in various parts of 
the world. Sulphurous acid has been inferred to 
* chiefly in volcanos having a certain degree of activity; whilst 
sulphuretted hydrogen has been most frequently perceived amongst 
those in a dormant condition.” + Carbonic acid is observed at the 
close of eruptions, or in extinct volcanos, and ig stated to be 
emitted more from the bases and neighbourhood of volcanos, than 
from their craters.t Besides these gaseous products, which can 
be collected when volcanic vents can be approached. sufficiently 
near for the purpose, it is now considered that there is an inflam- 
mable gus occasionally evolved from some cniters and volcanic 
fissures, which gives the flame often mentioned, but at one time 
much doubted. Of what kind this gus may really be, appears as 
yet uncertain, and may long remain eo, inasmuch, as it seems 
thielly evolved under conditions, such as violent eruptions, 
unfayourable to examination. Flame observed by Professor Pilla 
to be emitted from the crater of Vesuvius, in June, 1833, was of 
a violet-red cclour, and the gas producing it inflamed only when 
in contact with the air.§ As Dr. Daubeny observes, hydrogen 
* “ Description of Active ond Extinct Volcanos,” 2nd edit., p. 607; 1608 ‘There 





with gjeotions 

of steamand black smoke, with & noise like that of a steam-engine but no lava or 
seorie.”—Ib. p. 429. 

+ Daubeny, ‘* Voleanos,” nd edit, p. 608, As regarda tho discharge of snl- 


of the other, since these two gases when they mect each other, forming 
water and rolpbur; and “ that merely the of either which 

the quantity necessary for their decomposition will eteape from the orifice 
90 that the gas which actually appears indicates predominance of the one, 


1 Danbeny, * Volesnos,” 2nd edit... 

4 Now Philovopica Joorna, 1843 From observations made by him in 
the crater of Vesuvius in 18 and 1834, Professor Pilla concluded that flaines never 
appear at Vesuvius but when the voloanic action is energetic, and Is accompanied 

¥2 





eT 


mt VOLCANIC SUBLIMATIONS, (Om, Xvi 
and its compounds not inflaming when steam or hydrochloric 
acid are mingled with them in certain proportions, and both these 
being abundantly evolved in most eruptions, an inflammable gas 
might escape into the sir thus mixed, without being inflamed. 
Hence, though this gas may be often present during violent erup~ 
tions, it may not always be so under conditions for supporting 
flame. 


As regards the sublimations from volcanos, we should wie 
that they would be varied, seeing that the conditions under whi 
voleanic forces and products may find vent could scarcely but be 
variable also, Among the most common is chloride of sodium, or 
common salt, one which is important from being found connected 
with volcanic action in such different parts of the earth’s surface. 
Specular iron ore is often found sublimed in chinks and cavities, 
as is also muriate of ammonia in certain volcanos. Respecting 
sulphur, it has been inferred to be derived ‘either from the 
mutual decomposition of sulphurous and sulphuretted hydrogen 
gases, or from the catalytic action exerted upon the latter gas by 
porous bodies, assisted by a certain temperature."* The sublima~ 
tions of the sulphurets of iron and copper, chloride of iron, oxide 
of copper, muriate and sulphate of potass, selenium, and others, 
though apparently accidental, have been shown by M. filie de 
Beaumont to have an important bearing upon the filling of 
mineral veins, as will be hereafter stated. 

The ashes, cinders, and molten rock ejected, may often be con- 
sidered as little else than modifications of the sume substance, at 
one time kept in a state of fusion, vapours and gases piercing 
through it, at another driven off by these vapours and gases in 
portions of different volume, more or less impregnated with them, 





with a development of gascous substances in a atate of great tension ; that they do 
not appear when the action is feeble; that their appearance always accompanies 
explosions from the principal mouth, where, however, they cannot be observed except 
‘under favourable circumstances; that they Ukewise show themselves in the smalt 
cones in action, which re formed in the interior of tho erater, oF at the foot of the 
volcano; and that, finally, they are not visible except in the openings which are 
directly in communication with the yoleunle Orv, and never on the moving lavas, 
which are at a distance from their sources. 

* Daubery, “Active and Extinct Voloanos," 2nd edit., p. 615. After quoting 
M, Dumas (Annales de Chimie, Dec. 196), as having shown that “where sul- 
phuretted hydrogen, at a temperature above 100° Fahrenholt, and still bettor when 
near 190°, eames into contact with certain porous bodies, a catalytic action, as it Is 
called, is set up, by which water, sulphuric acid, and sulphur are produced,” Dr. 
Daubeny points ont that the vast deposite of sulphur, assoolated with the sulphatos 
of lime and strontia of Western Sicily, may have been thus produced. 

} “Sur lee Emanations Volcaniques ot Métalliferes."—Bull, de ln Soe. Géol. de 
Pranoe, 2nd aérie, t iv. py 1949, 
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80 a8 to be rendered cellular; these portions finally so triturated 
and worn into fine grains and powder, that while part may fall 
with the cinders in a conical form around the volcanic vent, 
another portion may be so light as to be borne great distances by 
the winds, as from St. Vincent's, in the West Indies, above the 
trade-winds, far eastward over the Atlantic. 

‘The rock in fusion, while occasionally, but somewhat rarely, up- 
lifted in a volcanic vent to, or so near the lip of the crater as to 
flow over the outside in a viscous stream, more frequently breaks 
through different portions of the side; a result which would be 
anticipated from the pressure of a substance of the kind, and from 
rents formed in the sides of a volcano during violent eruptions. 
After ejection its solidification will necessarily depend upon the 
conditions to which it is exposed, the volume of the molten mass 
thrown out being duly regarded. Like all other mineral bodies of 
the like kind, if rapidly cooled, lavas form glasses, commonly 
known as obsidians, when associated with volcanic products; if 
slowly cooled, and in sufficient volume, crystallizing, as is easily 
illustrated by experiment.* The heat of lava currents would 
appear to vary, a circumstance to be expected, as whatever may 
have been the temperature of the molten mass when in the 
volcano, that of its exclusion would depend upon the cooling influ- 
ences to which it may have been exposed before it flowed outside 
the volcano, and could be examined. It has been inferred that 





* Bo far tack as 1804, the experimonts of Mr. Gregory Watt (“Observations on 
Basalt, and on the Transition from the Vitroous to the Stony Texture which occurs in 
the Refrigeration of Melted Basalt,” Phil. ‘Trans., 1804), proved, ns respects basalt 
(that of Kowicy Hill near Dudley), when a muss of it weighing seven hundred- 
weight was melted and slowly cooled in an irregular figure, that according to the rate 
of cooling of the vurious parts, was the structure, one passing from the vitreous to the 
stony, The silicates forming common glass may, at is woll known, by slow cooling, 
be made to pase into stony state. ia aise eee arene eee 
upon the melting and recrystallization of igneous rocks, evenssuccoeding in the 
reduction of certain granites into a glass, and ayain rondering this glass stony. ‘Tho 
varied chemical composition of the substances which may be reduced to the vitreous 
state is quite sufficiont to show that obsidian is « mere rock-plaxs which ean bo formed 
under the requisite condition of comparatively rapid cooling from yory different 
compounds, We have reduced portions of some utratifed rocks to this state. ‘This 
is by no means difficult to accomplish when « moderate amount of lime is present, 80, 
that silicate of lime may be produced and ect as a flux, as in the ordinary smelting of 


carbonic acid, ‘The experiment roqulres, however, to be carefully watched ; for if 
the erucible be not removed in time, the carbonic acid exeapes, and the vitreous aube 
stance alone remains, which may readily, if thought desirable, bo, by slow cooling, 
Feadered wony. To prodace erytaliizaion by very slow coolng requis great eat, 
and, for the saost part, « urge portion of rock. 
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the temperature at which lava will continue to flow ix sufficient to 
melt silver, lead being rendered fluid in about four minutes. 
Whatever the requisite heat may be,* lava is found to retuin it for 
a long series of years. 

Being a bad conductor of heat, as rocks in general are, lava, 
when subjected to the comparatively low temperature, to which it 
is exposed after ejection, soon covers itself with a coating of 
solidified matter. This is necessarily broken as the flow of the 
viseous mass continues beneath it, and it will be more or less 
scoriaceous, according, as in cooling, it retains any cellular texture 
from the passage or dissemination of vapours and gases through 
it. Hence the surface of lava currents is often broken and rugged, 
as is represented in the accompanying view of one at Vesuvius 
(fig. 117) Under the conditions usually obtaining during the 





flow of lava, the viscous current, at a moderate distance from the 
place of its actual discharge, may be considered as moving in a 
kind of pipe, this breaking from time to time, as the molten rock 
in the interior tends to drag the parts becoming solid with it. 
In this manner the pipe will even convey the lava current up 
rising ground, should the resistance of its sides be equal to the 





“In our experiments, ordinary grecnstone, when pounded fine, and placed in a 
crucible, usually melted at about the heat required for melting eoppor: 
howover, on 40 small a seale may be very deceptive. 

} Taken from Abich's Viows of Vesuvius and Ktna, 
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pressure exerted upon them. As a high angle of descent would 
be unfivourable to the proper slow cooling and quiet adjustment 
of particles needed for crystallization, MM. Dutrénoy and Blie de 
Beaumont consider that beyond a moderate angle lava does not 
take a crystalline texture, That the external character of a lava 
current should conform to the velocity of its flow, this depending, 
other conditions being equal, upon the amount of slope, would be 
anticipated, The observer chould, however, be aware that when 
crystalline minerals may be found in lava, it does not always 
follow that their particles have separated out from the other 
component parts of the mass, after the whole has been in a 
molten state. They seem to have been sometimes formed prior 
to the outilow of the lava. Of this a good example is stated 
to have occurred at Vesuvius in April, 1822, when fine 
of leucite were included in a lava stream which issued from the 
base of a small cone occupying the crater, the comparative infu 
sibility of the leucite crystals preserving them entire amid the 
melted rock.* In like manner should the lava be in part com- 
of a remelted rock containing disseminated minerals, which 
resisted the heat to which the whole was exposed, such minerals 
might upon an outflow accompany the lava stream, and be again 
i amid the new mass, otherwise, perhaps, not crystalline.t 
Tt would scarcely be expected that a molten masa, known to be 
driven about in a crater by vapours and gases, could either overflow 
the lip of that crater, or burst out from the sides of a voleano with- 
out having some portions of these vapours and guses intermingled 
with it, ready to escape into the uir. This it would uccomplish the 
easier as the lava was the more fluid, and its temperature high, 
the vapours and gases then striving most to increase their volume. 
In proportion as the molten rock cooled, and the expansive power 
of the vapours and gases decreased, cavities would remain, cor- 
responding in size to the equalization of the resistance of the cool- 





* Daubeny, quoting Profesur Scacchl, of Naples, “ Voleanos," 2nd edit. p. 200. 
+ Inrogions where voleanos traverse Lea a Sd 
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would differ from good-sized caves, lined with picturesque stalac~ 
tites of lava, to small vesicles. Vapours and gases sometimes con= 
tinue to escape for a long time through the chinks and..crucks of 


cooling lava. 
‘The cavities thus produced ii in lavas will necessarily take dif- 
ferent shapes, according to varying conditions. Lava poured out 


Bic dapto fei a Tbeted ad compeetiyelyt deop ines qe 
movement of importance after its outflow from a voleano, the fluid 
state long preserved, would have its cavities, large and small, 
placed under different circumstances, from a stream cooling more 
mipidly, yet still, from moving on greater slopes, continuing 
steadily to advance for a long distance. In the latter case the 
hollows and vesicles would be elongated in the direction of the 
flow, spherical cavities pulled out into almond-shaped forms, and 
irregular hollows still exhibiting a stretching in the line of move~ 
ment. This elongation of vesicles may be so continued that, as in 
the subjoined section (fig. uh say may become completely 


flattened, the tenacity of the lava being of'a proper kind. Ife d 
be a surface on which a lava stream moves, and ¢ f a portion where 
its viseosity is such that by moving in the direction, ef, spherical 
hollows take almond-shaped forms, the lava becoming more tenacious 
towards the surlace, ¢ d, these almond-shaped vesicles would become 
flatter ut @ J, so us finally to present, in section, mere streaks or 
lines, giving « laminated appearance to that portion ofa lava eur- 

rent when cooled, Upon the solidification of the portion a 4, the 
movement continuing, and the upper part gradually taking the 
tenacity previously possessed by a 8, the like appearance of lamina~ 
tion might happen there. Thus, as the upper part of a sheet of 
Java may, as regards loss of fluidity, and the friction of the viscous 
upon the eolid outeide portion, be ulso placed in a somewhat similar 
condition as the lower part, a laminated character may more or 
less be given to a considerable portion of a stream of'lava. The 
conditions needed, no doubt, require nice adjustment, but they are 
such as would appear occasionally to prevail, 

Mr. Darwin, describing the laminated obsidian beds of the Island 
of Ascension, and comparing them with the zoned and laminated 
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character of obsidians and diffrent volcanic rocks of other localities, 
mentions, with another cause of lamination, the stretching and 
flattening of vesicles by the flow of those rocks in a pasty etate.* 
Tt has also been noticed by Humboldt, and other geologists, and is 
often to be seen in cabinet specimens, 

Sometimes vapours and guses escape through molten lava, either 
for the time occupying portions of craters, or flowing as streams, 
producing the most fantastic forms. The annexed sketch (fig. 

Fig. 10. 119) represents a somewhat regular ac- 
f cumulation of lava from this cause. It 
was seen by Mr. Dana, in the crater of 
Kilauea, in Hawaii, and rose asa whole, 
to the height of about 40 feet. “It had 
been formed over a small vent, through 
which the liquid rock was tossed out in 
Aribblets and small jets. The ejected 
Java filling around, gradually raised the 
base ; the column above was then built 
up from successive drops, which were 
tossed out, and fell back on one another; being still soft, they 
adhered to cach other, lengthening a little at the sume time while 
cooling.} 

The following is oleo (fig. 120) an oxample of the like kind 
observed by Dr. Abich,f at Vesuvius, in 1834, ecoriaceous lava 
being gradually built up into a hollow column by the additions af 
portions of pasty matter adhering to cach other when thrust out of 
the general molten mass by a current of vapour or gas. In a 
similar manner, great blisters are sometimes mised, which bursting 
‘on one side, parts, sufficiently hard, remain, and any molten lava 
inside flowing out, singular cavities are left. Indeed, the varieties 
of hollows left by the consolidation of lava, and arising either from 
the intermixture of vapours and gases, or from the flow of the fluid 
rock, partially or wholly, out of inequalities in lava streams, or 
their tubular cases, would appear to be endless. 

Much instruction may Se derived from studying the eruptions 
from small vents, either in the craters of volcanos, when such can 

* © Geological Observations on the Voleanle Islands visited during the Voyage of 
HAMS, Beagle," p. 62, ko, 

} <Geolony of the United States’ Exploring, Expedition,” 183842, p. 177 

aeale, about Mauna 









“ Geologischer Erycheinungen 
is hight ofthe coargooenon Poprescaiol ta ouy. sight fost, 





ERUPTIONS FROM SMALL VENTS. x 
be approached, or on their sides, where they are also sometimes 
found, not only as respects vapours and gases, butulso the discharge 
and mode of accumulation of fluid and viscous lava, cinders, and 


Fig. 120, 





ashes, In some vents the molten rock is not much int 

with the vapours and gases, at others it becomes frothy by intimate 
admixture with them; the mineral matter occupying much the 
less portion of the compound. Occasionally the uplifting of the 
mass merely raises the lava, so that it falls over the accumulations 
around the vent, not uncommonly moe or less conical; at other 
times portions of the molten mass are suddenly caught and whirled 
high up into the air, acquiring a spheroidal form by their motion. 





* Respecting these roloanio bombs, as they have been termed, Mr. Darwhn, remarle- 

ing on those found in the Island of Ascension (Voleanic Islands, p, 36), whieh exhibit: 
8 cellular interior, inside a shell of compact lava, observes, that “if we suppose m 
mass of viscid, sooriaceous matter, to be projecied with a rapid, rotatory motion: 
through the alr, whilst the external crust, from cooling, became solidiial, the eentri~ 
fugol force, by relieving the pressure in the interior parts of the bomb, would allow 
the heated vessels to expand their cells, but these Leing driven by the same force 
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When only ejected short distances, they fall around, squazhing into 
irregular and rough discs, and by their multiplication forming a 
coating, which may, or may not, be intermingled with scorinccous 
cinders, now and then discharged in showers. Small lava streams 
sometimes burst from these conical accumulations, and the re- 
sistances of the sides being overeome, and ericks being formed, the 
molten matter may be seen to vise in them. Many of the effects 
of voleanic action on the large scale may thus, in miniature, be 
conveniently observed. 

Although conical accumulations round an aperture mark the 
effects of voleanic action from it, driving out ashes and cinders, 
large and small, with patches of frothy molten rock, and streams of 
fluid and viscous lava, more or less radiating from a vent, the whole 
braced together by more or less vertical bands of lava, which have 
entered cracks, effected from time to time im the general mass; 
this is not necessarily the case with all, nor with all parts of a 
mountain of which one or more of these conical accumulations 
may form a part. As respects cones, the accompanying* view of 

Fig. 121. ¥ 


nyniust the wlready-Laridened crust, would become, the nearer they were to this part, 
sualler and smaller, and lees expanded, until they became packed into a selid con- 
eeutric shell.” 
* Taken from the Voyage de Humboldt et Bonpland, Atlas Pittoresque, Pl, X , 
Paris, 1610, Explosions from Cotopaxt aro hoard at great distences. In 1744, the 
from the mountain wor beard at Honda, 200 common leagues distant. 
Humboldt and Boopland hoard them day and night at Guayaquil, 52 leagues distant 
Ju a straight Ine. ‘Theywere like repested dischanges of a battery. Durkng the 
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= VOLCANOS OF HAWAII (Cn, XVI. 
Fig.122 Cotopaxi will illustrate the production of one of great 

size, its beautifully regular shape* showing how well 
| adjusted the volcanic forces, and the substances acted on, 

must have been for ite formation. As to its volume, that 
of course affords no measure of the time which the 
cone may have taken for its production, but it shows 
the great mass of volcanic matter which seems thus 
heaped by successive coatings into this shapet The 
manner in which such a mountain may be braced together 
hy lava currents and dykes we know not. Certainly the 
general form would lead us to infer a great amount of 
ashes and cinders, including among the latter large ejected 
masses of viscous, scoriaceous, and frothy (pumicy) lava, 
forced through a vent keeping in one place during the 
accumulations, 

Mauna Loa, and Mauna Kea, in Hawaii, also lofty vol- 
canic mountains, the former considered to be 13,760 feet, 
and the latter 13,950 feet above the sea,t appear to affurd 
much modification in structure from that found at Coto- 
paxi, one also marked by their outlines, as shown by the 
uccompanying sketch of Hawaii (fig. 122), taken from the 
eastward.§ Maps and descriptions show that Hawaii 
(which, as Mr. Dana remarks, is one ofa group about 400 
miles in length, ranging from N-W, to S.E., the islands 
composing it being merely the higher prints of inoustains 
rising above the sea) is a mass of volcanic matter, with 
three principal elevations, Loa, Kea, and Hualalai| ‘The 


Mauna Kea. 


Mauna Los. 





eruption of April, 1768, the quantity of cinders vomited from the crater 
‘was #0 grout, that in the towns of Hambato aod ‘Tacanda night was pro~ 
longed to three o'clock on the Sth, and the inhabitants were obliged to go 
about with Ianthorns, ‘The eruption of 1803 wus prooeded by the sudden 
melting of the snow ou the volcano. For 20 years previously neither 
‘vapour nor smoke had issued from it, In a single night, the cone became 
to much heated, that, the snow being melted, it appeared black from the 


scoria alone. 
* Humboldt (Kosmos) points to the form of Cotopsxi as at once the 
most regular aud most picturesque of any volcanic cone which he had ever 


seen. 
+ Acconting to Humboldt (Kosmos), Cotopasi rises to the height of 

19,070 (English) foct abayo the sca. 

oseee to Dana, Geology of the United States’ Exploring Expe- 


§ Ibid, p. 159. 
| Mr. Dana remarks (Geology U.S Exploring Expedition,” p. 158), “ Besides the 
three lofty summits thore ure groat numbers of craters in all conditions seattered over 
the slopes, some overgrown with forests, while nbout others streams of lava, now hard 
and black, may be trncol along their route for miles. Areas, hundreds of square 
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remarkable crater in activity is that of Kilauea, on the flank of 
Loa, and distant about 20 miles * from its summit, 

Ellist described the crater as situated on a lofty clevated plain 
bounded by precipices, apparently sunk from 200 to 400 feet 
below its original level. “The surface of this plain was uneven, 
and strewed over with loose stones and voleanic rock, and, in the 
centre was the great crater.” * * * “Immediately before us 
yawned an immense gulf, in the form of a crescent, about two 
miles in length, from N.E. to S,W., nearly a mile in width and 
apparently $00 feet deep. The bottom was covered with lava, 
and the S.W. and northern parts of it were one vast flood 
of burning matter in a state of terrific ebullition, rolling to 
and fro its ‘fiery surge” and flaming billows, Fifty-one conical 
islands, of varied form and size, containing so many craters, rose 
either round the edge, or from the surface of the burning lake ; 22 
constantly emitted columns of grey smoke, or pyramids of brilliant 
flame; and several of these at the same time vomited from their 
ignited mouths streams of lava, which rolled in blazing torrenta 
down their black indented sides into the boiling mass below.” * * * 
“The sides of the gulf before us, though composed of different 
strata of ancient lava, were perpendicular for about 400 feet, and 
rose from a wide horizontal ledge of solid black lava of i 
breadth ; but extending completely round, beneath this ledge, the 
sides sloped gradually towards tho: burning lake, which was, as 
nearly as we could judge, 300 or 400 feet lower. Tt was evident 
that the large crater had been recently filled with liquid lava up 
to this black ledge.” 

The descriptions of this crater given by other observers,} corre- 
sponds generally with that of Mr. Ellis, due allowance being made 
for modifications, such as might be expected in a voleanie vent of 
any kind. The following is an eye-sketch plan (fig. 123) of 
Kilauea, made during the visit of the United States’ Exploring 


miles ia extent, are covered with the refrigerated lava flood, over which the twistings 
‘and contortions of the sluggish stream as it flowed onward are everywhere apparent ; 
other parte are desolate areas of ragged scoriw. Bat a few months before our visit 
(15W0) n° surfhoe of 15 equare miles had been deluged with lava, which eame by an 
route from Lua Pele (Kilauen).” 

* Mr, Dann gives the distance as 19-8 miles, and the height of sepieal eee 
foot above the sea, quoting Mr. Douglas (Journal of the Geographical foc' 
Toh ty), ts entmating It rom barometrica! meeruremenis st 3,846°8—3873°7 Ta, 

and Straclecki nt 4,101 

ony i fom in Baral.”  omdon, 1898. 

{ Mr. Dougias, “ Journal of the Geographical Society," vol. iv.; Captain Kelly, 

* American Journal of Seience,” vol. xt. ; Count Straclecki, * Now South Wales and 
‘Van Dicmen's Land,” and others, 
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Expedition, under Captain Wilkes, to Hawaii. It well exhibits the 

cliffs surrounding the cavity, seven miles and a half in cireuit, as 

also the great ledge above mentioned. Combined with the fallow- 

ing section given by Mr. Dana,” it strongly suggests the idea of 
Fig. 123. 





an extensive area of molten rock, rising and falling acconding to 
the uplifting force of the time, this somewhat suddenly changing, 
as is not unfrequent in voleanie action, so that, in some states, 
vertical walls would be formed from the lowering of the fused 
mas, while at others this might again fill the cavity, and even 
overflow. In the following section (fig. 124), which is taken across 


Fig. 124. 





the shortest diameter (scale equal for height and distance), m m' is 
the whole breadth of the crater in that line, o 2, o' n’ the black 
ledge, p p' the bottom of the lower pit, n p, n’ p’ the walls af the 
lower pit, 342 feet in height, and m o, m’ o' the walls above the 
black ledge, 650 fect in height. Mr. Dana describes the beds exposed 
by the cliff, as nearly horizontal, and the crater as being, at the 
time of his visit (November, 1840), somewhat in a tranquil state sf 


* “ Goology of the United States’ Exploring Expedition,” p. 174. 

+ Tho descriptions given of the arrangement of the beds, and of other facts con- 
nected with this crater, have an important theoretical bearing. “ These bluif sides of 
the pit,” he observes, “ consist of naked rock in moceasive layers ; and in the distance 
they look like cliffs of stratified limestone. The layers vary from # few inches to 
80 feet In thickness, mnd are very nearly horizontal. They mro much fissured aud 
broken, and some haven decidediy columnar structure. Open spaces or caverns and 
rugged cavities often soparate the adjaceat layers, adding thus to the broken Chie 
moter of the surface, at at tho same time giving greater distinctness to the strati+ 
Geation, ‘Tho black ledge varies in width from 1,000 te 3,000 feot. With such 
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one, however, still variable. During subseqent examinations by 
the United States’ Exploring Reinet in theeatee 1840, and 
January, 1841, ih lovarear Ghorrvel' tots toi ceajaed’ eultats 
marked manner, independently of minor oscillations. On one 
occasion, Dr, Judd had but just time to escape from a sudden 
uprise and overflow of one of the molten pools, which discharged a 
Sa R Ta tk oot only over the spot where he was 
immediately prior to this upburst, but also over a mile in width 
and a mile and a half in length. The volume of lava then ejected 
‘was afterwards estimated by Captain Wilkes at 200,000,000 cubic 
feet. The next morning (January 17, 1841) the molten lava of 
the chief lake was ascertained to have subsided about 100 feet. 
Proceeding from Kilauea to Mokua-weo-weo, the crater on the 
sumunit of Loa, over a slope described us one, on the avemge, of 
only 6°, volcanic vent is found of much the same general character 
as thatof the former. The annexed sketch (fig. 125) is a reduction 
of that given by Captain Wilkes,* The deepest part of the crater 
is nearly circular, and about 8,000 feet in diameter, The walls are 
deseribed as nearly vertical, stratified like those of Kilauca, 784 
fect high on the west side, 470 on the cast.t An eruption of this 
erater occurred in 1843, so that Mauna Loa may be considered as 
still active. Tt has been remarked by Mr. Dana, as an interesting 





dimensions, it ts no unimportant feature in the crater. ‘The lower pit Is surrounded: 
bby vertical walls, which have the same distinctly-stratifled character as those above, 
and are similar in other features. More numorous fissures intersect them, indleative 
‘of the unstable basis on which they reat.” * * * ‘The south-west extremity formed a 
partly-lsolated basin, of an oval form, and contained a largo boiling lake, The 
rest of the bottom of the pit, at the time visited by the author, was a field of hardened 
lava, excepting two small boiling pools, one on the western wide, the other near the 


constorn,!” p. 176. 
Describing the day scene, Mr. Dana states, that the “inoossant motion in the blood- 
red pools was like that of a cauldron in constant ebullition, ‘The lava in each boiled 
with such activity, as to cause a rapid play of jets over its surface, One pool, the 
of the thres then in action, was afterwards ascertained by survey to measure 

1,{00 feot in one diameter, and 1,000 in the other, and this whole area was bolting. as 
seemed from above, with nearly the mobility of water.” * * * “On deteonding 


\Y unnecessary ogitati 
Plying ver te li ara art ight of 1 1 ur fl ea 
the pools, or upon its tides, At times, tho ebullition was more netive, tho 
cauldrons boiled over, aud glowing streams flowed away to distant parts of the erator: 
‘and then they settled down again, and boiled as before, with the usual grum murmur, 
‘Thus simplo and quiet was the action of Loa Pele,” p. 176. 
* “ Narrative of the United States* Rxploring Rxpedition,” vol. vi. 
+ Dana, * Geology of Exploring Expedition,” p. 296, 
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fact, that this outbreak did not affect Kilauea, though a great 
lateral crater on the same volcanic dome, 10,000 feet lower down 
its side. The mass of Java seems to have burst out of cracks 
around the summit of the mountain, and in one instance a subter- 
ranean channel for a portion of the molten rock was observed.* 








Missionary Herald," vol. xxaix , p. 981, and vol x1, 
tion, in onler to render it more publicly known to 
reason we insert a portion of it here, not only ae it is 
, but aleo an It ie stated that valy ® somewhat limited 
number of Mr, Dana’s valuable work has becn printed, ‘The Rev. T, Coan states 
that, “On tho morning of January 10, 1843, before day, we discovered a small 
Deaconfice neat the summit of Mauns Loa, ‘This was soon found to be » new erup- 
tion on the north-eastern slope of the mountain, at an elevation of near 13,000 feet, 
Subsequently, the Inva appeared to burst cut at difforont points lowor down the moun- 
tain, from whence It flowed off in the direcdon of Mauna Kea, filling the valley 
botwoon the mountains with a sea of fire. Here the stream divided, ane part flowing 
towards Waimea, northward, and the other eastward towards Hilo, Still another 
great stream flowed along the base of Mauna Lon to Hualalal in Kona, For about 
four weeks this scene continued without much abatement. At the present time, 
‘after six weeks, the action is much diminished, though it Is still somewhat rchement 
At one oF two points along the line of eruption.” Mr. Coan ascended the mountain, 
passing fields of scorinccous and smoother Invas, and regions at times atill steaming 
nnd hot. " Soon," he continues,“ we came to an opening in the sporineumbent. 
stratum, of 20 yards long and 10 wide, through which we looked, and at the depth of 
50 feet we saw vast tunnel, or subterranean cxpal, lined with emooth viteifiod 
matter, and forming the channel of a river of fire, which swept down the steep side 
of the mountain with amazing velocity, As we passed a 1@ mountain we found 
several similar openings into jones; these, 
instead of sinking into the viscid mass, were borne nine stantly out ef our sight. 
Mounds, ridges, and cones were also thrown up along the line of the lava stream, 
from the latter of which, ateam, gases, aud hot stones were ejected. At three eelock 
we reached the verge of the gront crater, where the eruption first took place, near the 
















Cx. XVI] RARE ERUPTION OF ASHES FROM KILAUEA, - = 

From all accounts respecting the mineral volcanic products in 
Hawaii, the ejection of cinders and ashes would appear to be com- 
paratively rare. They are, however, occasionally thrown out, 
though in quantities relatively too anal to produce much influence 
in the arrangemente of the other and common voleanic products 
which have accumulated in a molten state. It is stated that, 
during an eruption of Kilauoa in 1789, ashes and cinders were 
abundantly ejected, darkening the air, and destroying some men 
forming part of an army then on its march; and Mr. Dana 
mentions that near Kilauea, “a few miles south and south-east, 
great quantities of a pumice-like scoria, with stones and sand, are 
believed to have been thrown out at this time.’”* 

An uplifting of liquid lava in the craters, and a rending of the 
solid rocks around them, or fiirther down on the flanks of the great 
volcanic mounds, through which the molten rock is discharged, 
would appear the characteristic action of the Hawaian volcanos, 
Mr. Dana has well stated this mode of eruption, which he terms 
the quiet mode. Alluding to Kilauea, he remarks, “ The boiling 
pools'of the lower pit have gradually filled this (the lower) part of 
the crater with their overflowings, each stream cooling, and then, 
ina few hours or days, followed by another and another overflow 
in different parts of the vast ares, till the rising bottom became as 





Dighest point of the mountain. Here we found two immense craters close to cach 
ther, of vast depth, and in terrific netion,”” 

‘To queries transmitted by Mr. Dann, Mr. Coan replied as follows" The angle 
‘ef descent down which the lava flowed from the summit to the northern bare of 
‘Manne Lon in 6°5 but there are many places on the side of the mountain where the 
Inclination is 10°, 15°, oF 25°, and even down these loca! declivities of half mile to 
two miles in extent, the lava flowed in a continuous stream. ‘This was the fact, not 
only during the flow of several woeks on the surface, but also in that woudlerful flow 
in the subterranean dust, described in the “Missionary Meruld." ‘There was no 
insurmountable barrier in the way of the flow from the summit of Mauna Loa to the 
Dane of Mauna Kea, @ distance of 25 or 30 miles. ‘The stream sometimes struck 
mounds or hillocks, which changed its course for # little space, oF around which it 
flowed in two channels, reuniting on the lower side of the obstacle, and thus sur 
rounding and Jeaving it an island in the fiery stronm. Ravines, caves, valleys, and 
dopreesions were filled up by the lave os it passed down the slope of the mountain, 
‘and between the two mountains. In conclusion, I may remark that the stream was 
continuous for more than 25 miles, with an avernge breadth of 1) mile, and flowed 
down s doclivity, varying from 1° to 25°."—Dana, “Geology of the United States” 

Expedition,” p. 210, 
* Mr. Dans ('' Geology of the United States’ Exploring Expedition,” p) 181) 
5. Dibble, 


shower for many miles around. Some of the men appeared to have been Killed by 
this shower of cinders and ashes, and others to have perished from an emanation of 
heated vapour or gas, 

z 
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high as the bluck ledge." * * * « The black ledge is finally flooded, 
and the accumulation reaches the maximum which the sides of the 
mountain can bear.” The pressure increases, and passages are 
broken out for the molten rock. “In some cases, on the side of 
the island where the escape takes place, the first indication of the 
eruption is the approach of the flowing lava. We should not imply 
that the land is proof against earthquakes, for slight shocks not un- 
frequently happen, and they have been of considerable force during 
an eruption. But earthquakes are no necessary attendants on an 
outbreak nt Kilauca. It is n simple bursting or rupture of the 
mountain from pressure, and the disruptive force of vapours, in 
consequence of which the mountain, thus tapped, discharges 
itself.” * 

The mode of fissuring seems to have been well observed in the 
eruption from Kilauea in June, 1840. The fissures are noticed as 
at first small. Those through which the molten lava poured 
formed series at intervals. Through the last twelve miles there 
were several rents, two or three in some places running nearly 
parallel, The mass of lava derived from these several fissures 
reached the sea, on coming into contact with which it became 
shivered like melted glass cast into water, Into the sea it continued 
to flow for three weeks, and the waters were so much heated that 
the shores were strewed with dead fish for the distance of twenty 
miles, Thedepth of the lava is considered to have averaged 10 or 
12 feet, though in some places only 6 feet thick. The area covered 
by it was estimated at about fifteen square miles, The lower pit 
of Kilauea, caloulated to have held 15,400,000,000 cubie feet of 
molten matter, was emptied by the outflow of the lava through the 
fissures.t The settling down of the lava in Kilauea would appear 
always to accompany these eruptions.t 

‘The lavas of Hawaii seem to have been usually very fluid, judging 
from the mode in which they occur, That they are so now in 
Kilauea seems generally admitted. ‘The production of the capillary 
yoleanic glass, known at Hawaii as Pele’s Hair,§ is an interesting 
example of this fluidity. Mr. Dana, who witnessed its formation 

* “ Geology of the United States’ Exploring Expedition,” p, 195. 

+t Mr, Duna estimates that this gives the best measure of theamountof Inva poured 
out during this eruption. As meatured by the amount of matter observed on the 
bere he ag less quantity was erupted, estimated in this way at 5,000,000,000 

} A very considerable eruption from the mountain, of which Kilauea forms a part, 
4a resorted to havo recentiy taken place, during which «large volume of Lara Was 


a Polo la the reputed principal goddess of the voloano, 
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at one of the pools of melted lava, states that “ it covered thickly 
the surface to leeward, and lay like mown grass, its threads beg 
parallel, and pointing away from the pool. On watching the 
operation a moment it was apparent that it proceeded from the jets 
of liquid lava thrown up by the process of boiling. The currents of 
air, blowing across these jets, bore off small points, and drew out a 
glassy fibre, such as is produced in. the common mode of working 
glass. ‘The delicate fibre floated on till the heavier end brought it 
down, and then the wind curried over the lighter capillary ex- 
tremity. Each fibre was usually ballasted with the small knob 
which was borne off from the lava-jet by the winds." 

Tn the flow of the lava outburst from Kilauea in June, 1840, 
the molten rock, as it passed amid forests, not only enclosed the 
stems of individual trees, leaving cylindrical holes from the total or 
partial destruction of the wood, but sometimes elso adhered to the 
branches, descending from them in the form of stalactites. In 
these latter cases the heat is described as having been barely suf 
ficient to scorch the bark, though the branches were clasped by the 
molten rock, Should the branch have contained much fluid 
matter, we can suppose that, the heat and fluidity of the lava being 
great, aqueous vapour from the bark may have prevented actual 
contact with it for a time sufficient for the passage of the lava 
stream at a height at which the branches could be entangled in it 
‘The lava descending suddenly from this height, by the lowering of 
the general level of the fluid stream as it passed onwards, the 
sudden exposure to the atmosphere would preserve, by quickly 





Geology ofthe United State” Exploring Expedition,” p. 170 
aie eps rath eri persis Fy flow of lava amid the 
forest ground, (a highly intorosting in many reepects. “The islets of forest bre 
he states, “in the midst of the stream were from ono to fifty acres in extent, and 
tres still stood, nnd were sometimes living. Ceptain Wilkes describes @ beter, 
bamboo which the lava had divided and gurrounded ; yot many of the stems wore 
‘alive, and a part of the folinge remained uninjured. (“ Narrative of Exploring 
* vol, tv p- 184). | Near the lower part of the Hood the forests ware 
for o breadth of half a mile on either side, and wore loaded with the 
‘volcanis sand ; but in the upper parts Dr. Pickering found the line of the dead trees 
only 20 fect wide. ‘The Inva sometimes lowed around the stumps of trees, and as the 
troo was gredually consumed, it left a deep cylindrical hole, samotlmes 2 feot In 
iamoter, either empty oF filled with charcoal, (Mr. Dana refers here to similar facts 
‘observed by M. Bory de St. Vincent at the Inlo Bourbon, “ Voynge aux Iales 
dW’ Afrique,” 1804), Towards the margin of the siream these stump holes were iam: 


the stream 8 to clasp the branch, the heat had barely seorched the bark.”—* Geology 
of the Unitod States’ Exploring Expedition,” p. 19%. : 
z 
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the adl and #0 that little heat 
Sa eee 
heated lava continued to surround the lower parts of the trees. 
Whatever may have been the moisture preventing immodiate 
contact, as the cooling proceeded, a time would come for the scorch~ 
ing, if not actual burning of the included stems. 








* The results attendant highly-heated into a liquid have been 
ee ee 


not acquire the temperature that might at first be expeoted. In crown-glass works it 
hus been, from tne immemorial, the practice to plunge the melted and very highly- 
heated glass in some of the first processes, after removal from the melting-pot, into 
cold water, to reduce the temperature, ‘This does not fracture the glass, the steam 
Preventing contact between the highly-heated gluse and the water. In nfter 
Processes with the same pioce of glass, a mere drop of water ix employed to sever a 
Inge attached glass stem, the heat being now #o reduced that contact, with its conse~ 
quences, Is immediate. Its not a Utile interesting, at great crown-ginss works, to 
ee arena eecoeed Bt Si mene ican a 


CHAPTER XVIUL 


VOLOANOS AND THER PRODUCTS CONTINUED.—VESUVIUS.—EINA—VOL- 
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OF LONG REVOSE.—SUDDEN FORMATION Of JOKULLO—o¥ MONT NUOFO. 
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RITE.—COMPOSI'TION OF FELSPATHIC MINERAIS—OP LAYAS—OF onSI- 
DIANS—OF OLIVINE AND LEUCITE.—DIFFUSION OF MINERALS IN VOL- 
CANIC ROCKS.—PUSIBILITY OF MINERALS IN VOLCANIC ROCKS,—SINKING 
OF MINERALS IN FUSED LAVA.—FUSION OF ROCKS BROKEN OFF IX VOl- 
CANIC VENTS, 


Coropaxt and the volcanos of Hawaii, though useful in showing 
how modified the results of volcanic action may be, and pointing to 
differences in that action of no slight importance to the observer, 
secking for facts to guide him to the knowledge of its probable 
cause, have yet been so recently known to us, that, when studying 
the changes which may have taken place in volcanic vents, he 
must lock to volcanic lands of which there may be records extending 
back a few centuries, at least, for the requisite data. Fortunately 
for this inguiry the volcanos of Italy have engaged attention for 
many centuries. Vesuvius offers an excellent instance of a volcanic 
yent which, after remaining long dormant, somewhat suddenly be- 
came active, nearly 1800 years ago, and has more or less continued, 
with intervals of various length, in that state ever since, After a 
repose, not known to have been interrupted during a long period," 
suddenly, on tho 24th August, 79, after earthquakes of several 
days’ duration, cinders and ashes were furiously driven out, partly, 
no doubt, a portion of the old voleanie accumulations. Their 

* Avery excellent condensation of our information rrepecting the ancient, inter- 


mediate, and modors states of Vewavius, will be found in Daubeny’s * Description of 
Aotive and Extinct Volcanos,” 2nd edition, 1848, 
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abundance was so great that three cities, Stubim, Pompeii, and 
Herculaneum, were overwhelmed by them (p. 124). We may 
assume that lava currents were also vomited forth out of the 
volcanosat this eruption, one, apparently, of the greatest of Vesu- 
vius on record. There then seems to have been a state of repose, 
or at least of only minor movements insuflicient to create attention, 
for 134 years, when another eruption occurred, succeeded by a 
similar interval of quiet for 269 years, when there was an outburst 
so considerable as to cover a portion of Europe withashes.* There 
were then intervals between the eruptions, the accounts of which 
have reached us, of 40, 173, 308, 43,t 13, 89, 1, 167, 194, 131, 
29, 22, 12, 3, and 1 years, bringing them down to 1698.“ Prom 
that time to the present,” observes Dr. Daubeny, respecting Vesu- 
vius, * its intervals of repose have been less lasting, though its 
throes perbaps have diminished in violence ; for the longest pause 
since that time was from 1737 to 1751, and no less than eighteen 
distinet eruptions are noticed in the course of little more than a 
century, several of which continued with intermission for the space 
of four or five years.” t 

Even supposing the earlier recorded eruptions of Vesuyius to be 
only approximations to the real number, some being omitted which 
would now not fail to be noticed, the irregularity of the intervals 
of considerable activity would still be so far marked as to point to 
inconstancy in the final conditions upon which a marked eruption 
depends. At the same time, also, the different intensity of the 
eruptions themselves leads to the same inference. Not only was 
the crater of Vesuvius so tranquil, prior to the great outburst of 
79, as to be clothed with vegetation, that crater occupying the de- 
pression now known as the Atrio del Cavallo, (the present Monte 
Somma forming a portion of its ancient walls,) but also between 
the eruptions of 1500 and 1631, the crater of the period was 
covered with herbage,§ as those of carlier times may have been 


* When roference ix maile to the depth of cinders and ashes now found covering 
Stadia, Pompeii, and Herculaneum, it is nocdful to recollect that a portion of them 
may have been accumulated during eruptions such a¢ this, and ot other subsequent 
times, 

+ A great eruption, in 1036, during which much lava was poured out, as is stated, 
from the ereter as well os from the sides. 

“ Description of Voleanon” p, 226, 

§ “In the interval between the eruption of 1500and 1631, the mountain put on the 

we of an extinct volcano, the interior of the crater, according to Braccink 
being, in 1611, eoverod with shrubs and rich herbage, the plain eallod the Atrio del 
Cavallo overgrown with timber and sheltering wild animals, whilst in another part 
there were three pools, two of hot and one of cold water, and two of these impregnated 
with bitter salts."—Daubeny, * Desoription of Voloanos," p, 285, 
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pe other long intervals of repose following the great eruption 

Etna also becomes valuable for the length of time during which 
its outbursts have been noticed. According to researches respect- 
ing the earlier eruptions of this voleano,* the year 480 Bc, or 
thereabouts, would appear that to which any marked outburst can 
be traced during historic times, This would give us about 2,332 
years, for, if not of all, of at least a considerable number of the 
chief eruptions of this volcano, the geological records of the activity 
of which would appear to extend far beyond this comparatively 
limited time. ‘Taking the early historic notices for the value they 
may possess, including that of 480 B.c., there have been marked 
eruptions recorded between that date and the commencement of 
the Christian era. With the exception of a Lapse of time between 
396 B.c., and 140 B.¢. (256 years), the outbursts noticed occurred 
at intervals of 53, 31,{ 5, L0, 3, 66, 12, and 8 year. ‘They thus 
correspond in frequency with those recorded between a,b. 1284 
and the present time. From a.p. 40, or thereabouts, to 1169, the 
eruptions from this volcano did not, apparently, receive much 
attention, If we assume that this lapse of time had not been one 
of repose more than those which preceded und followed it, Etna 
seems to have been a somewhat active volcano for the time above 
mentioned (2,332 years). 

‘The volcanos of Iceland have also been known as more or less in 
activity during a long lapse of historic time. Of the known 
marked outbursts of Hecla there have been 23, including that of 
1845, since 1004 or 1005. These have varied in intensity and in 
the length of the intervals of repoee between them. ‘The eruption 
of 1845 appears to have driven out a vast abundance of cinders and 
ashes, the latter carried, by the movemonts of the atmosphere to 


* A.mtile of the dates of the eruptions of Etna and Vesuvius, taken from Yon Hoff" 
“Geschichte der Veranderungen der Erdobertiache,” with some fow additions, is 
oa by Dr. Daubony, in his * Description of Volcanos,” 2od edition, p. 289. 

+ Respecting thia eruption of 496 m,¢., Dr. Daubony mentions (“* Description of 
Volcanos," p. 285), that the stream of lava which thea stopped the march of fio 
‘Cinthaginian army against Syracuse, is to be seen on the esatern slope of the moun- 
tain, near Giarre, extending over a breadth of more than two miles, and having a 
Tength of 24 from the summit of the mountain to its final termination in the yea. ‘Tho 
spot in question is called the Bosco di Act j it contains many lange trees, and has 

coating of vegotable mould, and it is soon that this torrent covered lavas of an 
‘older date which existed on the spot.” 

$ Prom 194, te Saterale of ropoe hare bess, ts earn 45,4, 75 98 3 gl 
‘Then a continuance ‘of small eruptions for 38 years (1506 to 1624), after which the 
intervals were 9, 11, 9, 15, 18,6, 1, 5, 8 21, 12) 1, 4 3 Uh y 848,61 7,2, 
12, 1, aud 10 years (in Dovember, 1842), enloulated from the table in Daubeny's 
© Deserigtion 





of Volcanos,” p. 289-201, 

















mass of Iceland, such as Krabla, of which there were four 
outbursts during the last 125 years, have alto taken place. 
Another great volcano, Skaptar-jikull, previously dormant, as far 
as the historic records of that and extend, suddenly became active 
in 1783, During this eruption, which was preceded by earth~ 
quakes over the whole of Iceland, and the ejection of voleanie 
matter in the adjacent sea, consideruble masses of lava were thrown 
out, according to Sir George Mackenzie,+ from three different 
Points, about eight or nine miles from each other, on the lower 
flanks of the mountain, in some places to the breadth 
of many miles. Of the 20 volcanic vents, as Dr. Daubeny has 


pointed out, which have ejected lava, cinders, or ashes during the 
950 years since Iceland was colonized, “cleven have hed but one 
eruption, and amongst these four only occurred within the last cen~ 
tury; whilst of the remaining nine, Myrdalls-jékull, Skaptar-jokull, 
Sandfells-jékull, Skeidarar-jokull, Reykianes, Hecla, and Kmbla 
alone would appear to be active at present; Trdlladyngia having 
had no eruption since 1510; Oreefa-jékull none since 1362; and 
others having been for a nearly equal time in @ state of qui- 





* “On the 2nd of September, 1845, the day of the eruption of Hecka, s Danish 
ee nes Une kay ileal ot a anes of 116 Deck alle (oe ee 
from the rolcano, was covered with ashes."—Daubeny, *Voloanos," 2nd 


1845), the cinders and ashes, so abundantly discharged, were cjected from three vents 
‘on tho south-west slope of Hecla, and the Java from fourth, situated a little distance 
‘beneath them. ‘The eruptions continued in foree on the 12th of the following month 
(October), the lava still ‘The eruption did not finally cease, though there 
‘Were intervals of repose, until the commencement of March, 146. 

+ “Travels in Tecland,” Qnd edition. Notielng thie eruption from Skaptarjakull, 
im 1783, Sir Gorge Mackenzie states, that in January of that year, volennle 
represented as sccompaniod by flame, rose through the sea, about 30 miles from Cape 


‘anil ashes that the whole island was covered by them, ‘The ashes were wind-borne as 
far os Holland. 
} Deubony, “ Description of Active and Extinct Yolcauos," 3nd edition, p. 406. 
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activity,* the eruptions themselves, differing in intensity, the two 
former during the lapse of more than 2,000 yeara, and the latter 
approaching towards a period of 1,000,t Stromboli, a volcanic vent 
rising through the sea between Naples and Sicily, has been equally 
marked, for more than 2,000 years, as exhibiting the same amount 
of activity. “No cessation,” as Dr. Daubeny remarks, “has ever 
been noticed in the operations of this volcano, which is described 
by writers antecedent to the Christian era in terms which would be 
well adapted to its present appearance.” There scems a constant 
beiling of molten matter in the crater, a louder explosion occurring 
at regular intervals with an escape of steam, and the throwing out 
of blocks of lava to a considerable height.§ From the smaller and 
lower of three apertures within the crater, “a small stream of lava, 
like a perennial spring, is constantly flowing.”|| 

Not only do ancient and modern records thus afford the needful 
information respecting both intermittent and continued volcanic 
action for 2,000 years and more, but also as regurds the cessation of 
the same action for so long a period, that the volcanic vents 90 cir- 
cumstanced form a kind of transition from active voleanos to those 
commonly termed “extinct.” The last stream of lava which 
iesued from Monte Rotaro, in Ischia, is that of 1302, known as 
Aro. The only traces of volcanic action now existing in this 
island are its hot springs. Thus no eruptions of molten rock, 


* Selecting Hocla from the m the table given by Dr. ie Daaber C Volcanos,” p. 314) and 
talon from Gnrlleb (“Island rucksichlich seiner Vulcans," &e., Freiberg, 1612), 
with additions, It would appear that its marked eruptions, commoncing with that of 
1004, have occurred nt intervals of 25, 75, 9, 44, 47, 18, 72,6 4 1646, 76 4 2.96 
ay elation: ose terminating with the eruption of 

‘ls between the 





been quiet, While Hecla has shown the most constancy in position amid the vol- 
eanic vents of Tocland, active at varlouy Intervals for the last 646 years, and while 
single eruptions hava only been known af other polnt,cartaln vents bave shown 
Tesibsires active dozing tha lager of the same time the & few yours only. ‘Thus 
eruptions are recorded at Keykianes ns occurring in 1222, 1223, 1226, 1237, and 1240, 
altogether only for 18 years, since which time they have ceased. At Krabla, also, 
they commenced in 1724, were repeated in 1725, 1727, 1729, and in 1730, after which 
none have occurred. At Skeidarar-jokull eruptions began in 1725, were repeated in 
1727 and 1728, and torminnted with one in 175% ‘The outburst of Sandfellegikull in 
1748 |s recorded as continued, probably, with intervals of repose, to 1782, the eruptions 
mentioned as annual for that timo, 
sa fTinYeeae of Htdborgasirauty in Henan i infer te have had an eruption 


1 Desription of Voletog” nd edition, p. 247. 
Hotfinnnn, Poggendorf™s * Anoalen," 1832. 

# tora “ Desoription of Voloanos,” p. 247. “It flows down the mountain,” 
Dr. Daubony states, “ in the direction of the sea, which, however, it never appears to 
Tench, becoming solid before it arrives mt that point, Geme portions, however, of the 
congealed mass are continually detached, and roll down into the sea," 
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cinders, or ashes have taken place at that old volcanic vent for 
about five centuries anda half. It may not be improbable, from 
ancient writings and modern appearances, that at the 
of Methana (formerly Methone), on the coast of Greece, volcanic 
forces were in activity, and had not finally ceased in the time of 
Strabo, though since then that voleanic vent has remained qui- 
escent.® Dr. Daubeny infers, from Livy and Julius Obsequens, 
that the voleanie action observable in the Alban Hills (Central 
Italy) may have continued down to historic times.t 

‘The eruption at the promontory of Methana may, it would 
appear, have been sudden, a considerable mound having been thrust 
up, or accumulated in u short time, in the manner of Jorullo,t 
which rose above the Mexican plain, in about four months, to the 
height of 1,600 feet, or the still more rapid production of the Monte 
Nuovo, near Naples, which, in about two days, attained an altitude 
of 440 feet, with a circumference of about a mile and a half. 
‘These sudden outbursts are important as regards the causes of 
volcanic action, more especially when no appearance of a previous 
yoleanic vent, seems to have presented itself. 1t would appear that 
prior to June, 1759, the area upon which Jorullo now stands was 
covered by plantations of indigo and sugar, bounded by two brooks, 
the Cuitinbaand Sen Pedro, In June, subterrancan noises, accom- 
panied by earthquakes, commenced, and lasted fifty to sixty days. 
In September, all appeared aguin tranquil, but on the 28th and 20th 
of that month the subterranean noises were repeated, and accord~ 
ing to Humboldt, an area of three or four square miles rose up 
like a bladdor, This uprise is considered to be marked by an 
clovation of 39 foot around the edges of tho ground thus moved ; 
one continued to the height of 524 feet towards the centre of the 
present voleanic district. The subsequent eruption was very violent, 
fragments of rock being gjected to great heights, cinders and ashes 





* Daubeny, “ Volcanos," p. 828, Tk would appear that at that time the voleane 
‘was sometimes #0 hot as to be inaccessible, and to be visible afar off at might, the sex 
also being heated nearit. ‘Tho hills of tho peninsula, nosording to Virlet (= 

dition Scientifique do Morée,” 1829), are 741 metres (2481 English feet) above 
sea, and he infors that among the igncous rocks of different dates there found, the 
Inst volcanic action, here noticed, occurred on the western part of the peninsula, 
where the teachyte presents 0 black and eooriaceous aspect, 

1 He observes (* Volcanos,” p, 170) that, “there are indecd some passages in 
ancient writers which might lead us to suppose a volcano to have existed among these 
mountains even at a period within the limits of authentic history, for Lavy notices = 
showor of stones, which continued for two entire days, from Mount Alban, dation 
the Seeond Punic War ; and Julius Obsoquens, in hie work * Do 
that In the year 640, A.U.C., au nll eppecona ts be on Bro daviog se sghtiemae 

1 Daubeny, * Description of Veleancs,"* p, 827. 
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thrown out in abundance, and the light emitted being visible at 
considerable distances. The Cuitimba and San Pedro poured 
themselves into the new volcanic vent, ‘ Thousands of small 
cones, from 6 to 10 feet in height, called by the natives Hornitos 
(ovens), issued forth from the Malpays, Each small cone is a 
fumerole, from which a thick vapour ascends to the height of from 
22 to 32 feet. In many of them a subterranean noise is heard, 
which appears to announce the proximity of a fluid in ebullition.” 
Six voleanic masses, varying from 300 to 1,600 feet in height, were 
thrown up from amid these cones, out of a chasm having a N.N.E. 
and §,8.W. direction. From the north side of the highest (Jorullo) 
a considerable quantity. of lava was ejected, containing fragments 
of other rocks. The great eruptions terminated in February, 1760. 

Respecting Monte Nuovo, the first indications of its production 
were noticed on the 28th of September, 1538, when, according to 
an eyewitness,” the sea-bottom near Puzzuoli became dry for 1300 
yards, and the fish left upon it were carried away in waggons, At 
eight o'clock next morning the ground is reported to have sunk, 
where the volcanic orifice afterwands appeared, about 13 feet. At 
noon the earth began to swell up, and became as high as the Monte 
Rossi, and from the vent formed, fire, stones, and ashes were 
ejected, so that finally the hill took the form now seen. For 70 
miles around the volcano the country was covered with ashes, 
killing birds, hares, und smaller animals, and breaking down 
trees, Monte Nuovo is 439 English feet high, and has a crater in 
its centre 420 feet deep, according to M. Dufrénoy. At the bottom 
there is a cavern, at the extremity of which Professor James Forbes 
found a spring iseuing with a temperature of 182°'5, 

These instances of the sudden production of volcanic vents on 
dry land (ond when we consider the chances for observing and 
recording them, they were probably far more numerous within the 
last 1,000 years) are sufficient to show that the uprise of voleanos 
through the sea would be expected amid and around volcanic 
islands and regions. In the atmosphere they retain their forms, 
such as are presented at Jorullo and Monte Nuovo ; raised through 
the level of the sea, the stability of such portions depends, as above 
mentioned (p. 70), upon the power of the voleanic mass to resist 
the action, first, of the breakers, and, secondly, of the wind-waves, 
where the former may have cut it down to the proper depths 

* Francesco del Nero. A letter of his to Nicolo del Benino of Naples, and seat to 


Rote fa 1938, was first published In Leonbard's “* Jahrbuch fiir Geologic,” 1946, and 
Truubeny gives a translation of it, “ Description of Volcanos,” 2nd edition, p, 208, 
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us FALLING IN OF PAPANDATANG, (ce Xvi, 
‘The volcanic outbursts of this kind between Pantellaria and Sicily, 
off the const of Tecland, and among the Azores, have been already 


diag tbo Bosal War, as mentioned is Taye 

Volcanic accumulations would appear sometimes to rest upon 
considerable hollows, and also to have large cavities distributed 
among them, the portions covering or surrounding which being 
either unable to resist the pressure of the superincumbent weight, 
even in the tranquil periods of a voleano, or broken through during 


1772, would seem to be most remarkable, Papandayang, formerly 
one of the largest volcanos in Java, was situated on the south- 
western part of that island. After short but violent paroxyam, 
and about midnight, between the 11th and 12th of August, 
luminous cloud enveloped the mountain. ‘The inhabitants of the 
sides and foot of the volcano betook themselves to flight, * but 
before they could all save themselves, the whole mass began to give 
way, and the greatest part of it actually fell in and disuppeared 
in the earth.” This was accompanied by sounds like the discharge 
of heavy cannon, and an abundance of volcanic substances were 
thrown out and spread around the adjoining country. The area 
thus swallowed up was estimated as measuring fifteen by six miles. 
Forty villages are stated to have been partly swallowed up, and 
partly destroyed by the volcanic substances thrown out, and 2,057 
inhabitants perished. Pereons vent to examine the locality found 
the heat of the substances surrounding it, and piled up to the 





+ Detailing the evidence on his head, Dr, Daubeny (* Description of Volcanos” 
P, 285) asks if the comparatively recent origin of the Island of Liparl itself may not. 
‘Ve inferred from ite present fertility as compared with the sterility ascribed to it by 
Cleero, He also points to the fresh condition of the craters of this island, us observed 
by Hoffman, the hot springs and stufes ot Sun Calogero, near the town of Lipari, and 
the statomont of Strabo that this island emitted a fiercer fire than Stromboli, a8 per- 
baps showing that an active volcano may have existed in it even within the historical 
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height of three feet, so great, that they were unable to approach the 
spot six weeks afterwards. 

Cavities amid volcanic accumulations may not only be partially 
or wholly filled by water, the condensation of aqueous vapours, 
finding their way into them, or rain or melted snows upon the ex- 
terior of a voleano percolating to them, but the waters also may be 
sometimes of a temperature and kind, permitting the existence and 
increase of animal life. Humboldt records, that ‘when, in the 
night of the 19th Tune, 1698, the summit of Carguairazo (18,000 
French feet in heightt), fell in, leaving two immense peaks of 
rock as the sole remains of the wall of the crater, masses of liquid 
tufa, and of argillaceous mud (lodazales), containing dead fish, 
spread themselves over, arid rendered sterile a space of nearly two 
square German miles, The putrid fevers, which seven years 
before prevailed in the mountain town of Ibarra, north of Quito, 
were attributed to the quantity of dead fish ejected in like 
manner from the volcano of Imbaburu.”{ The fish here noticed 
(Pimelodus cyclopum), Humboldt further informs us, “ multiply 
by preference in the obscurity of the caverns;” possibly, also, there 
may be something in the temperature of the waters. He observes, 
that it was in consequence of these discharges of waters, pent up 
in yoleanic cavities, that the inhabitants of the plains of Quito 
became acquainted with these litile fish, called by them Preiadilla, 

‘That the waters of such hollows and cavities are not always thus 
fitted for the existence and increase of animal life would be ex- 
pected, when the observer reflects upon the yaried conditions 
under which they are likely to occur. As an example of the 
effects produced by the admixture of gascous voleanic emanations 
with the waters in such reservoirs, we may adduce the great flow 
of acid water which accompanied an eruption of the Javanese 
yelcano of Guntur, or Gounung Guntur, in 1800, when not only 
streams of lava were poured out (a rare circumatance, it would 
appear, among the Javancse volcanos, commonly gjecting little 
lao than cindere and ashos),§ but also an acid torrent, A river 


pb aeeeeets sat, uted br Dei Daubeny, “Description of Voleanos," 2nd 


edition, p. 

1 TaaRO Rgitsh feet. 

$ Kommnos, 7th ican (Sabine's Translation), p. 288 ‘This fact has long since boon 
mentioned by Humboldt in his cartier works, 

§ Ina letter to Dr. Daubeny (“ Description of Volcanos,” p. 409), Mr. Beeto Jules, 
aiiedlia; bo tie nace entice shonne of hard rock cn the sartoeot the etna bs 
volcanic districts of Java, infers, that the Javanese yoloanos “hai long coaeed 
caplet hve opr oe yng he ei rans ne ne 
o ler." 
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Seeconling from this voleano is described as suddenly swelling, 

«charged with a large quantity of white, acid, sulphurous mud.” 
On the 8th of October of that year, * the waters came pouring 
down into the valley, carrying everything before them, sweeping 
away the carcases of men and sundry animals, and covering the 
face of the country witha thick coat of mud.” On the 12th, a 
still greater “deluge of mud” came down the valley. Such sudden 
increases of the volume of water would seem to point to its dis- 
charge from extensive cavities where it was, for the time, pent up, 
and where it became impregnated with sulphuric acid, derived, as 
Dr. Daubeny points out, from the decomposition of sulphuretted 

* 


hy 

Without uscleely multiplying examples of the discharge of con- 
siderable volumes of water, apparently pent up in the hollows of 
voleanos, it may be mentioned that, in 1755, a volume of water 
was suddenly discharged from a cavern below the great erater of 
Etna, and that, dashing over the snows and side of the mountain, 
it destroyed and carried before it a large amount of matter. 
‘Torrents of water are stated to have issued from Vesuvius during 
the great eruption of 1631, but whether from caverns amid the 
accumulations, or as the result of the somewhat sudden condensation 
of large volumes of aqueous vapour discharged from the crater, is 
not clear, Be this as it may, the collection of waters amid voleanie 
accumulations, would appear the needful consequence of the exist- 
ence of such cavities, and of the condensation of aqueous vapour 
in, or the infiltration of rain or melted snow into them. These 
outbursts require to be carefully distinguished from the torrents 

ing the sides of volcanos more or less covered by sow, 

either in the higher northern and southern latitudes, or rising 
above the line of perpetual snow in the temperate or 
regions, The suddenly-melted snows of Cotopaxi (fig. 121) pour 
down the furrows on its sides, as in the eruption of 1803, when, 
in asingle night, the snows dimppeared from the cone, and the re= 
sulting torrents of water transported cinders and ashes into the Rio 
Napo and the Rio de los Alaques+ Humboldt refers generally to 
the high voleanos of the Andes as thus, by the sudden melting of 
their snows transporting smoking scorim among the lower lands, 
and producing great inundations.t Similar effects necessarily 

* Daubeny ("* Description of Volcanos,” p. 403), quoting Boon Mesoh, “ Diasertatlo 
de Incendiis Montium Jar" 1896, who obtained his information from Reluwanit, 
the Dutch traveller in Java, 


+ “Voyage de Humboldt ot Bonpland,” Atlas, Art. Cotopaxi, Paris, 1810. 
Kosmos, 7th English edition (Sabine), p. 221. “a 
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follow similnr causes in the temperate regions, Probably, however, 
the consequences of tho sudden melting of snow and ice from 
voleanic action are nowhere #0 great as in the higher latitudes, 
where large glaciers, holding, or supporting mineral matter, aro 
broken up, and partly melted and partly in fragments, are hurried 
onwards to the lower levels. The accounts given of the effects 
thus produced in Iceland show, that the torrents, so cansed and 
intermingled with ice, are of no slight geological importance. 
Although, under ordinary cireumstances, go little mineral matter 
appears capable of being moved on Victoria Land (p. 249), it is 
easy to conceive that, during considerable eruptions of such voleanos 
as those of Mount Erebus and Mount Terror, great heats may sud- 
denly melt the snows clothing these mountains, producing large 
volumes of water, which may continue liquid for a time sufficient 
to furrow into, and carry off scoriw and ashes, usually bound to- 
gether by, and, to a certain extent, not unfrequently interstratified 
with, the great snow covering of those regions, 

Tt is needful well to consider the mineralogical structure and 
chemical composition of the various voleanic products, whether 
these may be in the form of lava streams, of molten rock which 
has risen in, and more or less filled fissures, of scoriaceous sub- 
stances of considerable bulk, or of those lighter bodies commonly 
known us pumice, cinders, and ash. Though much has been 
accomplished, more especially of late years, respecting this know- 
ledge, the discoveries in chemistry greatly advancing such inquiries, 
and though some apparently sound general conclusions have, from 
time to time, been formed, it will be evident, before certain of 
these can be fully admitted, however they may be applicable to 
the particular localitics noticed, that, looking at the distribution of 
volcanic vents over the surface of the globe, an observer possesses 
ample opportunities, by careful research in various parts of the 
world, of still further advancing our knowledge in this respect. 

Whether the solid volcanic rocks are crystalline, stony, or vitreous, 
will, as we have seen (p. 325), often in a great measure depend 
upon the conditions as to cooling, to which they have been 
exposed, all other circumstances being the eama* Hence the 





I Je very comitl, i» such Investigations, to bear tho other equalty of san, 
ditions in in, for tare may be etrsmatance nach modifying the external parts of 
Java currents. M, Dufrénoy (* Mémoires pour servir & une O40 


iucipally composod 
mannor, alo, as has been remarked by Mr. Dana (“Geology of the United States’ 


5] 
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chemical composition of voleanic rocks, which have been ¢jected 
and flowed in a molten state, may often be the same, notwith- 


The solid yoleanic products most studied and known to us have 
been divided into rocks named trachyte and dolerite, Minerals of 
the felspar family constitute essential portions of these rocks, en- 
tering more extensively into the compesition of trachyte than into 
that of dolerite, Both rocks may be also viewed as silicates, chiefly 
of alumina, lime, magnesia, potash, and soda, ‘Trachytes are indeed 
considered “chemically trisilicates, with or without an excess of 
silica,”* Trachyte may, however, according to the definitions 
given, also contain free silica or quartz, and the separate minerals 
mica, hornblende, or augite. Dolerite is composed of the felspar 
known as labradorite and of augite, and the term augite rock is 
sometimes given to this compound, In this latter rock the 
portion of silica is diminished, and that of lime and magnesia 
increased. ++ This classification of the more solid voleanie 
into two main divisions, however convenient as affording facilities 
for investigation, is found to need such modification, that an inter- 
mediate class of rocks, termed trachyte-dolerites, has been proposed 
by Dr. Abich, in which the composition partakes of the mineral 
characteristics of both trachyte and dolerite. With respect to 
changes in chemical composition, Dr. Daubeny remarks, that “the 
gridual increase of soda is likewise a remarkable circumstance, 
modern lavus appearing to contain a much larger quantity of it 
than the voleanic products of ancient periods, and various 
being hence produced in which this alkuli is predominant (natrolite, 
nepheline, thomsonite, &e.)} 


3 





Exploring Expedition," p, 209), a body of molten and very liquid lava kept tong boll 
ing or simmering in m volcanic vent, like Kilanes, in Hawai}, may have certain of 
its parts separable, the more expecially as the temperature may increase in any colama 
‘of laya in proportion to the pressure upon its parts, 

. ied “Description of Volennos,"* 2nd edition, p. 15 

ing the diminution of silica, Dr. Daubeny observes (“ Description of 

vaicenn a0 dition, p. 17), that it is “indicated by the substitution of labradorite 
for orthoolane, or, in other words, of one atom of silica inatend of threo, coupled with 
the presence of hornblende or augito, in both which minerals the silica bears still 
stnallor proportion to the base with which it is combined.” Rammolaberg (!* Die 
tionary of Mineralogy,” Berlin, 1841) In quoted as polnting to augite ae eB, where 
Hi either time, magnesia, protoxide of iron, or protoxide of manganese, the silica 
‘being sometimos also replaced bry alumina, as is also the case in hornblende. 

3“ Description of Voleanon” p. 19, 
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It ix highly needful that the observer should most carefully study 
the mode of occurrence of these rocks in volcanic districts, ax he will 
readily perceive that if their somewhat general sequence be from 
the trachytic to the doleritic compounds, as has been supposed, an im- 
portant change had been effected as to the conditions under which 
the earlier and later substances have been ejected from volcanos, 
The subject requires to be regarded on the large scale, and due 
weight given to those modifications arising, as will be further noticed 
hereafter, from the admixture of matter derived from various rocks, 
amid which mineral volcanic products may have had to pass before 
they were finally ejected. 

Tn such examinations the chemical composition of the rock, more 
especially when the minerals noticed may be either ill developed, 
or their component parts have been unable to collect together in 
definite arrangements, isevidently of importance. ‘The rock-glasses, 
or obsidians, may as well belong to one class as the other, and so 
also certain stony varieties, wherein any real development of dis- 
tinct minerals has not been effected, Dr. Abich has proposed the 
relative specific gravity of volcanic rocks as affording great aid in 
ascertaining the amount of silica in them, a view in which Dr, 
Daubeny would appear to concur, remarking that in these rocks 
“ the specific gravity of the mineral is inversely as the amount of 
silica, and directly as that of the other bases, so that a near approxi- 
mation may often be obtained to their chemical composition by 
merely ascertaining their weight,’* 

When assuming chemical composition from mineral structure, 
and that the substances constituting the buse of certain definite 
forms are constant, it is necessary not only to distinguish the 
minerals themselves, but also to give due weight to the replacement 
of some substances by others, without altering the form of the 





* Desoription of Voleanos," p. 12, ‘The following table is given in illustration >— 
‘Specite Gravity. ‘ilica per Cont. 





Cliskstona, with a speoifia graylty of 2°5770, and containing 57-66 of sition, and 
aay ect opts rarity 2888, with silien 66+55, not harmonising with this 
‘View, it is remarked, that though elinkstone chemically resombles trachyto-dolerite, 
it “has a different mineral composition, for it appears to be a mixture of a xeolitis 
mineral with glassy felopar,” and that “ probably the «ame may apply to ginscy 
andesite.” 
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mineral." The amount of matter of different kinds which may, as 
it were, be entangled with that which gives the form, has likewise 
to be regarded, the entangled matter being sometimes more con- 
siderable than might at first be supposed, compelled, as it were, by 
that considered essential to the mineral, to take the armngement of 
parts belonging to it.t 

P Carefelke sSerching foe lant’ Utes ive of tho onli ae ened 
which the mineral matter cjected from voleanos may have been 
derived in the first place, or modified afterwards, it is essential to 
apply for aid to chemistry as well as mineralogy, important as the 
latter may be. The passage of vapours and gases through, or their 
entanglement in, lavas, whether solid, somewhat vesicular, or highly 
cellular, as pumice, is often sufficient to produce modifications Te- 
quiring great attention. Aguin, after cooling, with cavities in them 
of various sizes, containing matter partly gathered together out of 
the mass of the containing rock, and partly from extrancous sources, 
lavas may not only be modified in their composition, but mineral 
substances may be formed in them of a different character from 
those which would have separated out from the original fused rock, 
Again, also, lavas, from exposure to atmospheric influences, may 
have lost some of the soluble substances originally entering into 
their composition. Thus no little care is required in the selection 
of portions of a volcanic rock which shall properly represent its 
original condition, as regards its chemical character. 

As the felspathic minerals enter so largely into voleanic rocks, and 
indeed constitute « considerable part of igneous rocks, viewed gene- 
* Before engaging in investigations ofthis Kin, the observer should make mgt 
acquainted with the bodies termed aomorphous, or those which replace each other 


chemical composition of rocks a knowledge of these substances is highly important. 
‘Thus, for example, magnesia, time, protoxide of iron, and protoxide of manganese, 

replace euch other in any proportion, Ay M. Dufrénoy hoa well remarked (*Frled 
ae Mindralogie" tom. 1, p. 19), "itis not necessary,'in order to prosent the saine com~ 
position, that min.rals should exnotly contain the same weight of thelr simple ces- 
atituont eubstancor; it is suilicient that there is an eanct relation between the bases 
and the acids they contain, or between their ftomorphous substances.” 

+ This power of one compeand to compel othors to take its crystalline form is of 
‘no little importance, in catimating the chemical composition of rocks These 
dmixtures are clearly mechanical in some instances, as, for example, in the well- 
known tandstone, as it is sometimes termed, of Fontainebleas, where 
grains of siliccous sand, in large quantity, are entangled in carbonate of Lime #8 

erystallixed ns to include them without destroying its form. Artificial compounds 
aye ade wih large proportions of somo gubstances may be mingled with 
others, the fundamental orystalline form of the former remalning uninjured; thus, 
for instance, M, Bendant succeeded sipetaae erystals of the form of wulphate of 
we which contained & per cent. of sulphnte of zinc, the remaining 15 per cent. ae 
the proportion of the substance giving the form to the orystals (* Annales des 

tne" 1817, tH. p. 10), 
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a6 COMPOSITION OF CERTAIN LAYAS. fem vir 
rally, the annexed table (page 355) of their chemical composition 
ey specific gravities, by Dr. Abich,* may be found useful. 

From the same author has also been compiled the following table 
of the chemical constituents of several trachytes and other voleanic 
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from Monte 


3. 
Nuovo, 5, Lava, named Arvo, Ischia, 7, Trachyto-dolerite from the Peak of 
‘Teneriffe. 8 Roces di Glannicolo, Vel dol Bove, Kena. 9 Dolorite of Stromboline. 
10. Lava of Vesuvius. 


‘The annexed table has been constructed from the analyses of the 
lavas from Vesuvius and Monte Somma, as given by M. Dufrénoy :— 
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Lean} 292] 1-23] 9-84 
B42) 9-04) B12) 2-40 
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1. Lava of Palo, 2 Lava of 1854, taken immediately below the Piano. 3. Lava: 
of Ganatello, 4, Laya from La Scala, , Monte Somma, mean of two anolyses, 


Comparing the composition of the lavas of Vesuvius with those of 
Monte Somma, M. Dufrénoy points out, that while the latter are 
almost unattackable by acids, those of the former are in a great 
measure soluble in them, jn about the proportion of 4: 1; and that 
while the lava of Monte Somma contains a large proportion of 
potash, in that of Vesuvius soda predominates-+ 


* “Ueber die Natur und den Zusammenhang der vulkanischen Bildungen,” 
Brunswick, 1841. 

+“ Parallile entre les différents prodacts voleaniques des environs de Naples, et 
rapport entre lour composition et les phénomines que les ont produit 2" Mémoires 
pour servir a une Description Géologique de ln Brance, t iv p. S81, (1898), 
M. Dufrdnoy adds, that this difference of composition is also apparent in the ininerals 
common to the two lavas, the augite of Monte Somma having base of iran, while 
that of Vesurius enters among the calcareous varieties, such os sablite, 
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Respecting lava replete with vesicles or cells (pumice), the fol- 
lowing analyses are taken from Dr. Abich :* 












eh | 6979 
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1. Pamice from Teneriffe. 2. From the Island of Ferdinandea, 3. From tho 
‘Yoleano of Arequipa, Bolivia. 4. From the Island of Ischia. 5. Frum the Phlegrean 
Fields, 6. From the Island of Pantellaria, 7. From the Island of Santorino, 
8. From Liactacunga, 


According to Professor B. Silliman, jun., the modern lava and 
voleanic glass of Kilauea, Hawaii, not only contain a considerable 
amount of oxide of iron, but also soda, to the exclusion of potash, 
all the constituent substances varying much in their relative pro- 
portions 





+ Tebor die Natur und den Zusammonkang dor vulkanischen Bildungen,* 
Brunswick, 1841. 


t Dano, “ Geology of tho United States’ Exploring Expedition,” p. 200, whenee the 
following analyses are extracted — 





J, Darlccoloured Pele's Hair. 2 Scoria. 8. Compact vitroous lave. 4. Compact 
stony lava. Sund 4 are from the same specimen, the formor constituting the exterior 
portion of the latter. 

Mr. Dana also gives the following analysis of Pete's Hair by Mr, Peabody, which 
agrees with the above as to the large proportion of protaside of iron, but differs from 
it by giving potas — 

« %0°00 
+ B72 
740 
610 
6°00 
2-00 
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‘The following are analyses of rock-glasses, or obsidians, from 
different parts of the world, showing their variable composition :— 








divin Tete (Abie). 2, Island of Procida aa Lipa (Able 


). Iceland y 
tees (Brdmann) (Thomson), 


As olivine and leucite are minerals often entering largely into 
yoleanic rocks, it is useful that the observer, while estimating the 
chemical composition of those in which they may occur, should 
bear in mind that the former is a silicate of magnesia and pro- 
toxide of iron [(Mg, Fe)’ Si], and the latter a silicate of 
and alumina (Si + 3 Al Si),* He should also recollect that 





* The following analyses may aid in showing tho similar composition of olivine 
from various localities, Severe! others might be added of the same kind — 
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Proaridsofiron 15-32 
0-29 
old 





Veroxide of manganese, 


1. From the Vogelsberg, Giosson (Stromeyor), contains also 0°37 protuside of 
nickel, 2, Kasalthoff, Bohomia (Stromeyer), contains also 0°33 protoxide of nickel. 
J. Isceweise (Walmstodt), 4, Le Pay, Vivarais (Walmstedt), contains also 0-2) of 
lime. 3, Monte Somme (Walmotedt), 


Ax respects this minoral, it is highly interesting to find that the ollvine found im 
the meteorle fron of Siberia and Otumba, South Amorica, should possom a sisuilar 




















composition. 
| — J 2 2 
i 
Silien. + 40°86 | 38-95 
| Magnesia 21 2) 47-35 | 40-68 
Protoxite of iron |) 11-72 | Eh75, 


| ——— manganese 0-43) 0-11 


1. From Siberia (Bersolia 
‘With respect to Joucite, the 





rom Otumba (St 5 
following analyses, the first from Vosuvias, by 





Ca, XVI] CHIBY SUBSTANCES FORMING VOLCANIC ROCKS, 0 


augite is a-ilicate of lime and magnesia* (Ga? Si? + rate 
labradorite, a silicate of alumina, lime, and sodat (R Si + 8), 
orthoclase (potash-felspar), a silicate of alumina and potasht (K 
16 iar albite (soda-felspar), a silicate of soda and alumina§ 
(Na Si + Al 

Reece entering into the composition of voleanie 
rocks are the silicates of alumina, oxide of iron, lime, magnesia, 
potash, and soda, the fusibility of the different compounds of which, 
constituting distinct minerals, varies, the rocks into which augite, 
or that into which silicate of lime enters most largely, being the 
easiest of reduction to the fluid state by heat, As labradorite like~ 
wise contains a considerable proportion of silicate of lime, and is 
more fusible than orthoclase (the potash-felspar), both the minerals 
entering into the composition of dolerite render it much more 
fusible than trachyte, chiefly formed of the potash-felspara, Sili- 
cate of lime may indeed be considered as a characteristic substance 
in the dolerites, while it is comparatively rare in the trachytes, 
that is, of those in which true orthoclase predominates! In 
localities, therefore, where trachytic have clearly preceded dole- 


Arfvedson, and the second from Monte Sommn, by Awdajew, will serve toshow the 
proportion of the constituent parts -— 





* In the vory numerous analyses which have been made of augite, the silica varies 
feom 47-05 (Arendal, Glllenfolder Maar Bifel) to 97°40 (TYitten, Norway), the Lime 
from 17°76 (Tyrol) to 25-GO (Achmatowak), and the magnesia from 6-83 (Finland) 
to 18-22 (Vallée de Fassa). ‘There is usually protoxide of iron varying from 4°81 
(Tyrol) to 26°08 (Tunaberg, Sweden), as also alumina from 0-14 ( to6°6T 
(Gillenfolder Maar Eifel). 

t R being taken ns} lime and } soda, the chemical composition of labradorite is 
considered to be = 59-7 silico, 29°7 alumina, 121 lime, und 4*5 soda. ‘There are 
‘usually also small portions of potash varying from 1°79 to 0-3, 

{ The chemical composition of orthoclase is inferred to be 65-4 silica, 18. 
and 16*6 potash, a little soda and lime being included im tho latter. Tivo Manual 
of Mineralogy,” p. 119. 

§ Alblte is considered to be essentially composed of 69°3 sillen, 19°] alumina, 
11-6 soda, part of the last often replaced by lime or potash—Nicol, “* Manual of 

"p. 0. 

| In those compounds referred to orthoclase, {a which soda is more abundant than 
potash, it may be much doubted how far they really deserve the name, unless tt be 
inforred, with Dr. Abich, that soda and potash are both Ssomorphous and di- 
‘morphous, 
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La Siay eg eaapoucetengsr agg cama 
ducts—a fict of no little theoretical value. 

With respect to the diffusion of certain minerals, such as olivine 
and leucite, through the mass of « volcanic rock, having once been 
formed, that is, the component particles of the silicates of 
and protoxide of iron of the one, and the silicates of and 
alumina of the other, having been placed under the conditions 
permitting them freely to move and become aggregated in the 
definite and needful manner, these minerals may become so many 
comparatively infusible bodies amid a more fusible mass, Hence, 
by the application of u certain amount of heat, the " 
substance, should it, for example, be any of the doleritic mixtures, 
may be fused, while these bodies may remain unmelted, nis 
their forms and general characters, until finally acted upon by the 
surrounding molten mags, with its large proportion of silicate of 
lime and alumina, forming a flux, and perhaps by a more ele- 
vated temperature, It is casy, therefore, to conceive that, as has 
been above mentioned, a lava stream may be ejected containing 
leucites, and olivines derived from the remelting of # _previously~ 
formed voleanic rock. Judging from the specific gravity of dole- 
rites, When cold and solid (2-94—2-96), leucite crystals (spec. 
gray. 2°4—2°5) would easily be upborne, rising towards the top 
of the rock in its fluid state, ready to be ejected in a lava stream, 
‘This would not be the case with olivine, the specific gravity of 
which (3°3—8°5) is greater than that of the dolerites, 0 that if 
the latter, containing diseminated olivine, were remelted, this 
mineral, from its little fusibility and greater weight, would have a 
tendency to descend, like any substance mechanically suspended in 
fa fluid lighter than itsolf. As to augite, disseminated orystals of 
it would, from their roady fusibility be soon melted, though their 
specific gravity would be 3-2—3+5. 

Tt may not be out of place to remark, as it has been thought 
that trachytic may have been formed from felspar-porphyritic and 
granitic rocks of much older date, that upon the heat to which 
the one or the other would be exposed, might depend the melting 
of these rocks either partially or wholly, However silica, if 
mingled with some other substances, may be readily fusible, when 
once separated, as quartz, it is highly refractory, even if surrounded 
by fusible silicates, as may be readily tried in the laboratory, and 
seen daily in the slags in many great metallurgical works, The 
felspathic portions, which, in some granitic and felspar-porphyric 
rocks, contain soda as well as potash, are not difficult of fusion, as 
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may easily also be found by experiment. With the mica, much 
depends upon whether it is a potash, lithia, or magnesia mica. 
‘The second of these fuses more easily than the first, and both 
more readily than the third, which we have found, in experiments, 
still crystallized, after the fusion of a felspar-porphyry, through the 
base or paste of which crystals of it were disseminated. ‘There 
appears no difficulty in conceiving that, upon the melting of a 
granite, composed of orthoclase, quartz, and magnesia-mica, the first, 
after fusion, may again crystallize, and envelope the two latter, 
held mechanically suspended in the molten fluid during the fusion 
of the felspathic portion. Even supposing some of the quartz to 
have been fused (being surrounded by a substance acting as a flux), 
upon the recrystallization of the orthoclase, we should expect that 
the extra amount of silica, not required for the formation of that 


mineral, would be excluded as quartz, As to the position of any 
‘ion of 


unmelted quartz and mica of a granite, the felspathic 

which was alone fused, if the latter were wholly composed of ortho- 
clase (sp. grav. 2°53—2-58), the quartz (sp. grav. 2:6) might 
have no great tendency to descend in the fluid body. The mica 
would more readily fall down, its specific gravity, for the potash 
kind, being 2-8—3+1, and for the magnesia species, that which is 
somewhat common in granites, 2*85—2-9. In some felspar- 
porphyrites mica or quartz, and sometimes both, are, with felspar, 
and occasionally other minerals, well crystallized, so that supposing 
the descent of the mica through the molten mass, and the quarts 
more mechanically suspended in it, an ejected upper portion may 
contain the quartz crystals, and u subsequent lava, the mica, sup- 
posing that it remained still unfused, 

‘The attention of the observer is called to this mode of viewing 
the subject, eo that, even on the minor scale, while some truchytic 
rocks are before him, he may duly estimate the or rising 
of certain minerals in a fluid muss of molten rock, the higher or 
lower parts of which may be poured out of a volcano, as its sides 
may either hold firm, so that lava overflows the crater, or be fissured, 
letting off the Auid matter at 2 lower level, Viewing the whole 
height of a volcano known to us as a minor fractional part of the 
depth to which the molten matter, partially from time to time 
thrown out, may descend, certain minerals which have remained 
unfused upon the partial melting of felspar-porphyritic or granite 
rocks, (at first taking their relative positions according to their 
specific yravities,) may be subsequently melted, their clements 
mingling with the general mass, to be afterwards elevated and 
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jected. Thus supposing much magnesia-mica to have descended 
in the molten fluid, upon the partial melting of the granite which 
MCs 
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so often ejected,t it may be assumed 
Sea ters oon ts Sagem, ney to eae 
interior of the volcano, their elementary substances 

the general molten mass, While such fragments are 
little altered, as if, after being broken off suddenly 
parent rocks, they had not been exposed to a heat 
effect much change in them, others appear to have been 
upon in various degrees, so that modifications in the arrangement 
of their component particles are produced, and even additions to, 
or subtractions of some of the latter themselves are effected.§ 
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Lake Baikal, by Rose, gave 25-97 of this substance, and another from Sala 
afforded Svan! 25°39 per cent. 

+ Von Buch, iption les Islea Canaries" and Darwin, 
ations on the Voleanic Islands visited during the voyage of the ‘Beagle! After 


a 
him), in which crystals of felspar in melted lava were found to have a tendency to 
descend to tho bottom of the crucible, Mr. Darwin discusses at longth the subject of 
the relative specitie gravitics of minerals in fluid lavas, ‘Ina body of liquified rock,”* 
he remarks, ‘left for some time without any violent disturbance, we might expect, 
in acconlanee with the above facts, that if one of the coustituent minerals beoame 
aggreated into crystals or granules, or had been enveloped in this state from some 
Previously existing mass, such crystals or granules would riso or sink 
to thelr apeciiic gravity. Now we have plain evidence of crystals being embodied in 
many lavas, while the paste or basie has continued fluld. 1 need only refer, ax 
instances, to the several great preudo-porphyritic streams at the Galapagos Islands, 
and to the trachytle streams in many parts of the world, in which we fad 
of folepar bent and broken by the movement of the eurrounding wemi-Aluid mattor,”” 

t They have long been known on Vesuvius, where the fragments of limestone, on 
tho Monte Somma portion of that voloano, have attracted much attention, A frag- 


rally upon the various instances of tho ejected fragments of rocks from volcanos, it 
may be useful to recall attention to those of limestone, dolomite, and sandstone, 
thrown ont when the voleanic island rose through the sea between Pentallaria and 
Sicily, in 1831 (p, 70), as showing that they may be sought for in such easery 

§ Dr. Daubony notices the probable conversion of the ordinary Alpine THnestone of 
a vielnity of Naplos into granular limestone hy heat, as soon in the fragments of 
‘the latter limestone found at the Monte Somma, and he quoted the researches of 
‘Dr, Faraday, as showing that carbonic acid cannot be espolied from limestone unless 
ston be present. ~ 


— 
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By breaking through, and entangling portions of limestones and. 
dolomitic rocks, much lime and magnesia may be obtained by 
fusion, useful in affording materials for the production of the 
silicates of lime and magnesia of augite, and the silicate of magnesia 
of olivine. So also with other accumulations disrupted and par- 
tially melted. Indeed, upon estimating whence the mineral 
matter of a voleano may have been derived, it becomes not only 
desirable to consider the probable composition af any igneous rocks 
which may have been remelted, and the circumstances attending 
this refusion, but also the aqueous deposits of various kinds which 
may have become more or less exposed to fusion during the time 
that a volcano has been ejecting mineral matter, either as molten 
rock, cinders, or ashea.* 


* As respects ihe voleanie regon of Naples, aud the fragments of rocks which 
have been ejoctel by Vesuvius, it is interesting to consider the modifications of 
Jgncous matter which might arise from the addition of ime and 





Natur und den Zusommonhang des vulkanischen Bilduages, Explanation of Plates, 
p. {v.), gives the following analyses of the dolomites aud limestoues of that vicinity ;— 





1, From Capri. 9. Valle di Sambruo, between Minuri and Majuri. 3. Minarl, 
4, Between Vico nnd Sorento, 5. Valledi Sambruo. 6, Mon‘o St, Angelo, Castella- 
mare, 7. Panta di Lottere, Castellamare, 8, Capri. 9. Vico. 10, Capri. 


CHAPTER XIX. 


VOLCANOS AND THEIR PRODUCTS CONTINUED.—LAMINATION OF STREAMS OF 
LAVA.—LAMIS& OF 8PILERULES EN OBSIDIAN,—COMPOSITION OF VOLCANIC 
ASHES. —VOLCANIC TUFF, —PALAGONITE TUFFS OF ICKLAND,—MODIFICA= 
‘TION OF VOLCANIC TUFF BY GASES AND VAPOUR.—SOLUTION OF PALA~ 
GONITE TUFF IN ACIDS,—S0LFATARAS—THE GEYSERS AND THEIR MODE 
OF ACTION, ICKLAND.—SULPHUROUS WATER AND GYPSUM DEPOSITS OF 
ICELAND.—FUSIBILITY OF VOLCANIC PRODUCTS. —FISSURES I VOLCANOS 
VILLED WITH MOLTEN LAVA.—LAVA EJECTED THROUGH FISSURES.— 
PIRECTION OY FISSURES IN VOLCANOS. 


One kind of lamination observed in igneous rocks has been above 
noticed (p. 328) a8 due to the elongation and compression of 
vesicles, so that by their extreme flattening this structure is pro- 
duced. In the cases of minerals cjected in an unfused state, the 
lava current in which they are included moving onwards, so 
that they would adjust themselves according to their forms and the 
different velocities of movement produced by friction against the 
supporting rocks, or any casing of more consolidated portions of the 
molten stream, we might expect a certain amount of arrangement 
in planes, or of lamination to be produced. Mixtures of substances 
of different kinds may sometimes also be so juxtaposed before ejec~ 
tion, that when flowing as a lava current they formed separate 
layers, the thinner, other circumstances being the same, when the 
more elongated." Looking also to the spherical bodies, commonly 


* Mr. Darwin (Volcanic Islands, p. 70), when deseribing the Island of Ascension, 
centers Jargely into the causcw of lamination In volounis rocks, seen there and in 
many other parts of the world. Among other remarks, he concludes “that Jf, In a 
mass of cooling volcanic rock, any cause produced in parallel planes number of 
minute flesures or xones of less tension (which, from the pent-up vapours, would, 
often be expanded into ermnulated air-eavitios), the eryatallization of the constituent 
parts, and probably the formation of the concrotions, would be superinduced or mach 
foyoured in such places ; and thus a laminated structure of the kind we are consider 
ing woul be yenerated.”” 

The lumination of moltea maiter is often well exhibited in the slags whieh have 
Nowed from furnaces, especially in sume iron-works. 
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formed of mdiating’ oryotals of part of the compound observed 
when glasses are passing into the stony form (examples of which 
are not unfrequently produced artificially), we should anticipate, 
under the circumstances of lava passing into the stony from its 
fluid condition, and movement still prevailing in the mass, that the 
cooling portions, more especially adjacent to the ground over which 
the whole was pasting, might sometimes have their parts so acted 
npon that planes, composed of little spherules, might be formed ; 

even alternations of them produced as successive portions of the 
fluid lava became exposed to similar conditions. Obsidian is but 
the vitreous state of melted rock, and all the conditions obtaining 
when artificial glasses are passing into the stony state, such as those 
producing separate crystals of certain silicates, and the arrangement 
into spherules, has to be looked for as well in the one as in the 
other, the modifications depending on the kind and abundance of 
the different silicates, with due regard to the conditions under 
which the general mass may have moved or remained quiet. The 
obsidians, in certain volcanic countries, are especially advantageous 
for studies of this kind, and will well repay the attention of an 
observer.” He will also find examples of lamination in volcanic 
rocks which have pussed the vitreous state, or intermixture with 
that state in cooling, und it will be desiruble that such, as well as 





* Dr, Daubeny poinis out (Desoription of Volcanos, p. 256), with rerpeet to the 
obsidian of Lipari, that “some of its varieties possess a remarkable resemblance to. 
certain products obtained by Me. Grogory Watt (Philosophical ‘Transactions, 1804) 
during the cooling of large quautities of basalt, an incipient crystallization beglnulnye 
to manifest iteclf in the midst of the vitreous masa in the appearance of white or 
Highter-coloured spots, which appear to be made up of points radiating from a.common 
centre. In mauy of the Lipari otsidinus, howover, these round. spots aro 
of concentric lamiow, and are disposed in general in lines, so as to give a resm 
blonce of stratifiontion to the mass. In other eases, the whole mass is made up of 
globules of this kiod, which are hollow Suternally, and are sometimes cemented by 
black obsidian,” 

‘Mr, Darwin gives (Voleanic Islands, p. 5t—65) ou interesting account of laminated 
voloante beds alternating with and passing into obsidian at the Island of Ascension. 
After deseribing these bods, ho remarks, that “as the compact varieties aro quife 
subordinate to the others, the whole may be considered as laminated or striped. 
‘The Iaminw, to sum up their characteristics, are either quite straight, or slightly: 
tortuous, or eonvolnteds they are all parallel to ench other, and to the interealating 
strata of obsidian ; they are generally of extreme thinness: they conslet elther of an 
apparently homogeneous, compact rock, striped with diferent shades of gray and 
brown colours, or of orysialline folspathic layers in a more oF Ieee perfect state of 


Berean cabisms pases ppveta ol angle mise nad of he eeadg 
iron, either not crystallized, or imperfectly so." Mr. Darwin also mentions the 
occurrence of layers of globules or spherulites in the transition of one class of beds 
into the other, one kind of sphorulites white, or translucent, the other dark-brown or 
opaque, the former distinctly radiated from a centre, the latter more obscurely so, 


SS tea ae 

tae gradual crystallization of parts during any long period 
which Mbsle bey of 7ock may ints taken 13 ana 
such researches the observer will have to recollect, that the top of 
a lava stream isso far differently circumstanced from the lower 
portion, that, while the former is exposed to the atmosphere and all 
its changes, the latter rests upon a bad conductor of heat, so that 
somewhat modified effects may often be produced, as regards the 
arrangement of the component substances, in the one part and the 
other, 


modifications as their more complete exposure to the vapours and 
gases rushing out might occasion, We should anticipate that 
during the cruptions of tachytic lavas the cinders and ashes would 
be likewive tmchytic, and #0 with the other kinds of voleanic mocks. 
‘Thus, should truchytio have preceded doleritie eruptions, in any 


the other.t Ashes and cinders being so exposed, particularly the 
former, to be intermingled with, and surrounded by, these voleanie 
vapours and gases, much would depend, as to any modification or 
change in the original mineral substance, upon the time during 
which this action might last, as also upon the kinds of the vapours 
White remarking on the speruits in obvdlans and tn arta gases Mr Darvin 
calls our attention to the obscrvations of M. Durtigues (Journal de Fareae Bes 
Pp. 10, 12, 1804), on the difficulty of remelting spherulitic and doviteified 

‘without first pounding them and mixing the whole well together, the separation of 
certain parts from the general compound in the spherules or crystals rendering this 
mi 





* In all such researches the slow cooling ofa lava stream bas to be well considered. 
Dr. Daubeny mentions, that he found tho temperature of tho lava streams, ejected 
from Veravius in August, 1834, to be 900° Fahr., four months after its outflow, tho 
thermometer: ‘upon the lava, after the scoria on the surface had been removed. 
Daniel's pyrometer gnv nao), retults when introduced into a cavity of the lara 
(Description of Volcanos, p. 

+M Duirinoy (Eases chalgae et microscopique do quelques cendres vole 

oorvir 


wilon infers 

revolt of » cofuted eryealization, produced under the influence of bik agiseny 
‘such as in the saltpetre prepared for the manufacture of gunpowder, than the product 
of the trituration of lavas in volcanic vents, though the ashes, collectively, do net the 
Joss represent the composition of the Inve.” 


all 
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and gases to which the ashes or cinders may be exposed. In all 
cases it would be expected that where the cinders and ashes were 
the most sbundantly and speedily accumulated, as upon the cone 
or sides of a volcano, the effects arising from an intermixture of 
the acids and vapours with the ashes and cinders would be the most 
considerable, For instance, where hydrochloric acid is much min- 
gled with the ashes and cinders, the whole piled around a crater in 
a hot moist state, such portions as were soluble in that acid might 
be much acted upon. The like also with sulphurous and carbonic 
acids, 

Tn considering the original composition and subsequent modifi- 
eation which any mass or layers of volcanic cinders may have 
sustained, it is also needful for the observer to search for evidence 
as tothe probability of these ciders and ashes having been arranged, 
as now found, either in the air or beneath water, such, for instance, 
as is afforded by the occurrence of shells or other organic remains 
among them,* or by layers of detritus or chemically- deposited 
matter, showing a subaqueous accumulation. Ashes and cinders 
descending into water, and afterwards arranged by it, would pro- 
bably be well washed, so that little change would be effected after- 
wards by any acids adhering to, or mingled with them. 

‘The term tuff, or tufa, is not uncommonly given to the ash and 
cinder accumulations of yolcanic regions. Dr. Abich has given the 
following analyses of the tuff of the Phlegrean Fields, Posilippo, and 
the Island of Vivara, the two former being termed trachytic tuff, the 
last basaltic tuff’ :— 
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1. Yellow tuff, from Nola, 2 Yellow tuff, frum Posilippo. 3. White tuff, from 
Tosilippo, 4. Tuff, from Kpomooo. 5, Prom the crater of Monte Nuovo, 6. Yellow 
tuff, from the Island of Vivaro. 7. Grey tuff, from Vivurn+ 





* So long since as the timo of Sir William Hamilton, sbolls were detectod In the 
tuff of the vicinity of Naples, They have also been noticed in other localities in that 
vicinity, aud are described as those of spootes still living. 

+ Mr, Dufréinoy (Mémoires poar servir a unc Descrip\ion Géologique de la France, 
t. iv, p. 384) observes, that the tufls of Posilippo, Pompeii, and Ischia (the two formor 
analysed by M, Borthter, the last by himself), prosent noarly the samo genoral 
characters, with the exception af that of Pompeii, which contains nine per cent, of 


























368 PALAGONITE TUFF OF ICRLAXD. — ‘(Cm XIX, 
Looking at the varied manner in which ashes and cinders may 
be accumulated, either wholly in the atmosphere or beneath water, 
to the substances with which they have been mingled in the crater 
of a volcano, and which may more or less coat or impregnate them 
afterwards, and to the infiltrations through beds and masses of them 
subsequently to their deposit, either adding to, abstracting from, or 
modifying the arrangement of their component substances, we 
should expect that at times even very-solid rocks may be 
at first sight presenting little of the aspect of an accumulation of 
fine powder and cinders. Mr. Darwin describes a tuff, apparently 
of this kind, at Chatham Island (Galapagos Arcipea) cna 
dently formed at first of cinders and ashes, but now ha ip 
Somewhat resinous appearance resembling some pitchstones. 
attributes this alteration to “a chemical change on small 
of pale and dark-coloured coriaceous rocks; and this change could 
be distinctly traced in different stages, round the edge of even the 
same particle.”"* 

In Iceland, a tuff apparently also in a changed or modified con- 
dition from that of its original accumulation, and named palagonite- 
tuff would seem to be of much importance. According to 
Professor Bunsen (of Marbourg), the palagonite-tuff of Iceland has 
a density of 2-43, and contains nearly 17 per cent. of combined 





carbonate of lime, # substance which he infers was Infltrated, adding weight to the 
‘opinion, that the entombment of Herealancum and Pompell was produced by an 
‘alluvion of the tuff forming the tlanks of Monte Somma, water baying greatly aided 
‘the filing up of the edifices in the two towns. emarking on the tmchytic tuff of the 
Phlogroun Plolds, Dr. Daubony observes (Description of Voleanas, p. 16), that the 
aualyais of it proves that, tke pumice, itis only a molamorphosed condition of 

\* He considers tuff, pumice, and obsidian, as all modifications of the same 
SAU tha tet Sue sinicing Mission claclesly eased) namely,—yollow tuff, 
three atoms; white tu(l, two atoms; pumice, one.” “Now lava,” he soot, 
“qlthough commonly sccompanied at the time of its eruption by abundance of 
stoom, and containing, oven for several months afterwards, entangled with it « Inge 
quantity of this and otber volatile mattors, holds no water in chemical combination, 
#0 thot the fact with respect to tuif and pumice thows, that these formations have 
‘boon placed under ciroumstances of another kind than thoso of molten lavas,” 

* Volcanic Islnnds, p. 99. Mr. Darwin describes this tuif, where best eharo- 
torived, as “of a yellowish-brown colour, translucent, and with a lustre somewhat 
resembling resin it ie brittle, with an angular, rough, and vory irregular 
sometimes, however, being slightly granular, and even obscurely crysialline; It can 
easily be scratched with a knife, yet some points are hard enough Just to mark 
common glass; it fuses with case into n blackishgreen glass. The mnss containe 
numerous broken crystals of olivine and sugite, and small particles of block and 
‘brown scorim: it is often traversed by thin seams of calcareous matter, ee 
effocis » nodular or coucretionary structure, Ta ® hard specimen, this 
‘would certainly be mistaken fora pale and peculiar variety of pitchatone ; pe, 
oon in mass, its stratification, and the numerous layers of fragments of basalt, both 
angular and rounded, at once render {te subaqucous origin evident,” 

t From Polagonia, in Sicily, where a similar tuff is found. 
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water. The following is the composition assigned to thia rock by 
him :— 





It will be obvious, that in voleanic-twff xecumulations much will 
depend, as respects eubsoquent modification and change, upon any 
foreign matter with which they may be mixed, so that when, as 
beneath water, calcaroous matter (often, perhaps, derived through 
animal Tife,) as well as clay or other Gne sediment, not directly de- 
rived from volcanic eruptions, is mingled with them, and the whole 
is heated or raised above the water, effects would he produced not 
precisely corresponding with those where the modifying action has 
been alone exercised upon the direct products of volcanos. Tufls 
of this kind can scarcely but be often formed, and their examination 
in connexion with yoleanos now in action, or which, geologically 
speaking, have recently been in that state, will be found important 
as explaining the origin of certain mixtures of igneous and sedi- 
mentary rocks, even amid very ancient deposits. 

Tn regions, such as Iceland, where volcanic action is widely 
spread amid its mineral products rising above the level of the sea, 
and where modifications due to the action of vapours and gases 
passing through lava streams, cinders, and ashes, may be so great, 
there would appear good evidence of the changes to which such 
mineral products may be exposed. Professor Bunsen has pointed 
out several which he considers to be now in progress in Iceland. 
‘The Icelandic mineral springs,” he remarks, “ to which belong all 
the systems of geysers and suffiones, are distinguished from all 
others in Europe by the proportionally large quantity of silica which 
they contain; and, if we except the acidulous springs which are 
confined to the westem part of the island, the so-called beer-springs 
(olkilder’) of the natives, we may divide the springs of Iceland into 

* On the intimate connexion existing between the peeudo-voleanic phenomena of 
Jecland>—A Memoir translated by Dc, G. E. Day, Chemical Reports and Memoirs, 


Works of the Cavendish Society, 1543, From the chemical composition noticed, 
Profesor Bunsen derives the formula— 


a ae {Ehaew 





a0 SOLUTION OF PALAGONITE IN ACIDS. (ew. xix. 
two main groups, according to their chemical properties, one of 
oa.” 


Whether the water of these springs has been derived directly 
from the atmosphere by means of rain, or melted snow and ice, or 
from sea-water finding its way to the interior of voleanos, the 
aqueous vapours thence thrown off being condensed i in their ea 
upwards, to it and to the substances with which it can 
have fa ec may modifcations which elenty take plice fx he 
mineral matter through which it passes. The experiments insti- 
tuted on this subject, and the conclusions deduced from them, and 
from personal examination of the springs of Iceland, by Professor 
Bunsen, are highly valuable. With respect to the action of pure 
heated water alone for some hours upon the palagonite-tuff above 
noticed, he found that at the temperature of 212° Fuhr. (100° cen- 

» tigmde) or 226°°-4 (108° cent.) silicic acid, potash, and soda, were 
dissolved.* When the water was saturated with carbonic acid, 
and allowed to act upon pulverized palagonite, all the constituents, 
with the exception of alumina and oxide of iron, were dissolved in 
the form of bi-carbonates.t When the palagonite was heated for 
ten hours, in water saturated with sulphuretted hy 
of iron was formed, and the solution contained silica and the sul- 
phides of calcium, magnesium, sodium, and potassium.} Pala~ 





* Cavendish Sooloty’s Works; Chemical Reports and Memoirs, 1848, p. 264. 
“1,000 grammes of water after 12 hours’ digestion yield, in this manner, m solution 
containing the following proportions :— 


Slice 6 ee} OO8716 

Soda» + = (000824 

Poth .  . «000162 
ihal 5 eles o1702"" 


+ 1,000 grammes of this water, after four hour’ digestion, yielded the folowing 
constituents — 


Ormmes. 
Silies + 0-086d4 
Bicarbonate of ime » . 0° 16893 
9-05988 
+ soda. o-06299 
” potash: 0-00189 
‘Total. . - 038368" 
t Tho solution contained, for 1,000 grammes: — 
Grammes. 
Bilica . . ois 
Salphide of calcium ; | +8748 
vy Mingnesiam =, O*0727 
” sodium. . 00K 
” potassium . . O80 





‘Total + 05408 
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gonite was found to be “entirely dissolved in hydrochloric and 
sulphurous acids, excepta small quantity of silica left as a residue.”"* 
‘Thus many and great modifications and changes may be effected 
in this variety of volcanic tuff; pointing to those which may take 
ploce in other volcanic regions, the results in each depending on 

Tn many districts, as well those in some portions of which 
volcanic action is now well exhibited, as in thore where it is be 

coming extinct, as far as respects the ejection of molten rock, 
tule and ashes, discharges of aqueous vapours are effected ; 
sometimes alone, at others accompanied by some of the usual 
volcanic gases. 

Some mention has already been made (pp. 15 and 18,) of thermal 
or warm springs found to rise as well in regions not marked by 
volcanic action on the surfice as in those where that action is now 
apparent, or may be inferred to have existed at no very distant 
geological period.t In some voleanic countries the various modifi- 
cations under which aqueous vapour, and the gases connected with 
volcanic action are emitted, can be well studied. The observer can 
readily suppose that while in the great eruptions these are so driven 
off as to have effected little combination while in the crater, minor 
action would leave sufficient time for the condensation of the 
aqueous vapour into water, and the combination of the latter with 

* “We see," observes Professor Bunsen, “ from the relations existing among these 
salts themselves (alluding to those mentioned in the text and previous notes), and 
with the silien, that the constituents of palagonite take very different parts in the 
decomposition which is indaced by hot water, carbonic acid, and sulphuretted hydrogen 
respectively; whilst, as we have already scen, this mincral is entirely dissolved in 
hydrochloric and «ulphurous acids, except a mall quantity of silicn left ns a residue, 
‘The alkaline siliceous springs, in which there is a smaller quantity of this voleanto 
fous sovamo, consequently, a vory different charactor from te waters ofthe suMlonce§ 
stare Ia evident, that the eomplsion of Cho water and th nature of Wa rgliacso 
tleponta produced from theo nctions, must aland in definite relation tothe greater 


or amallor resistance opposed by the separate constituents of palngonite to the 
Ne ee ee ee Sane: 9 





the eulphurous acid through the oxide of iron in the these alkalies must 
‘be converted carbonates, sulphates, and chlorides, Ist the silicic acid 
dimelyed In the alkaline tet and in the water, and is partinily eepmrnt 


ae by evaporation, ss siliceous tuff—a fact already observed by ‘Bink ‘n 
+ While noticing the dixpemion of hot springs, and thelr iamve from all Ikinds of 
mee Humboldt (Kosmos) mentions that the hottest permanent springs yet known are 
Meee dlocoverd by himself, “at a distance from any voleano—tho 'Aquas calientes 
las Trincherns,’ in South America, between Porto Cabello and New Valencia ; and 
oe Aquas de Comanzillag,’ in tho Mexican territory, near Guanaxuato,” The first 
of those has a temperature of 97° centigrade (206° # Fahr.), according to M. Bous- 
singault, who visited this spring in 1823, Pari 
t 











Recent 
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gases, 
accompanied by the ejection of lava, cinders, or ashes.* Dr, Dau- 
beny found the gas evolved to be sulphuretted hydrogen, with a 
. RE any 


parts of the world. Professor Bunsen has shown the connexion of 
the solfataras of Iceland (the Vémar of the Icelanders), with the 
acid springs of that country. He remarks that they “owe their 
slight acid reaction more commonly to the presence of a small 
quantity of ammonia-alum, or soda, and potash-alum, than to their 
inconsiderable traces of free sulphuric or muriatic acids,"} 

While such springs in Iceland thus illustrate the condensation of 
some of the aqueous vapours, mixed with gases discharged in that 
volcanic region, the Greysers also well illustrate that of the aqueous 
vapours under other conditions. Allusion has been 
made (p. 15) to those Iong celebrated discharges of steam and 
water, the Geysers, and to siliceous deposits from them. 
to Professor Bunsen, the thermal group to which the Geysers be- 
long, occurs southward from the highest point of Hecla, and about 
20 geographical miles from it. Their main direction is about 
N. 17° E,, “almost parallel with the chain of Hecla, and with the 
goneral direction of the fissures.” The rock beneath the inerust- 
ations of the springs is palagonite-tuff, a vein of clinkstone running 
lengthwise from the western margin of the springs. ‘The following 
are analyses by Dr. Sandberger and M. Damour, of the water of the 
Great Geyser :—§ 





* An saciont lava current, of « trachytic kind, is supposed to be traceable from 
tho mountain to the sea. 
MRS: Clee per (isan 211, After pointing out the probable effects of 

gases upon the trachyte of the mountain, the sulphurotted hydrogen uniting 

‘with the bases of the several oarths and alkalies, and its Scans eae 
Dr. Daubeny acoounts for the absence of muriatic compounds with these pirat 
noticing that, “if they existed they would be ly decomposed 
phario acid genermted ; and that miuriatic acid itsolf is taaetinoe Py ip 
posing trackyte, except it be concentrated, and the rock pounded, as sbown from the 
foot aie continuance during so many ages in the domite of Auvergne in a free 


Cavendish Goviety Works; Chemical Memoirs and Reports, 1848, p. 327. 

‘The cause axiigned by Professor Bansen for the alternate states of repose aud 
activity of this great natural fountain, is very different from that usually inferred. 
By very careful experiments by M. Dosololaeaux and himself, it was ascertained, 
x “That the temperature of the column of the Geyser decrenses from below upwards, 





loacld . . 
Water 2... 


Not aly do the vapours and gases ‘eacaping from voleanic vents 
decompose, under variable conditions, the rocks through whieh they 





Sulphide of sodium, < 
Carbon ec 


ae hed already boon shown by Lotiin and Robert 2. That, setting aside small dis- 
turbances, the temperature goes on incressing regularly mt all points of the column 
from the time of tho last eruption. 3. ‘That the temperature in the unmoved eoluma 
of water did not, at any period of time up to s few minutes before the great eruption, 
reach the boiling-point thet corresponds to the jo and aqueous pressure at 
the point of observation; and 4, ‘That it is at mid-hoight in the funnel of the Geyser, 
where the temperature appronches corresponding 

Of Wie column of water, and that it approaches nearset to this polet ix 
proportion to the approximation of the period of a great 
given in illustration, and indeed are almost necessary to the view taken. It Ie 
however, be stated, that there is o constant nddition of heated water below in the 
tube or funnel, and an ovoporation of the water above, and that the whole is in such 
‘ condition that every couse that tends to raise this column of water only # fow 
metres would Ueing a large portion of it into a state of ebullition, Vapour is geno- 
rated, and it ts calculated that an excess of 1° (centigende) over the corresponding 
Vailling-point of the water, “is immediately expended in the formation of vapour, 
generating in the presont case o stratum of vapour nearly equally high with the 
stratam of weter I metre in height. By this diminution in the superincumbent water 
toner) were tea iat leetbafit pet par mt tee ih iat oe) Be 
new formation of vapour then takes place, which again occasions & in the 
pressing tiquid strats, and po on, until the boiling has descended from the to 
near the bottom of the funnel of the Geyser, provided always that no other elreum- 
stances have more speedily put an end to this process.”” 
“Tc appears from these cousiderations, tat the columm of water in the funnel of 











by calculating from the tempernture of tho precoding experiments (those above 
slinded to), the known Iatent snd specific heat of the nqueons vapour, nnd the height 
of the column of vapour, which would be developed by the ascent, to the mouth of 
the Geyser, of a scction of the column of water. If we designate the height of 
‘such a colamn of water in the funnel of the Geysor by 4; ite mean temperature 

In centesimal degrees by ¢; the latent heat of the aqueous vapour by tw; 
the density of the Inter compared with that of the water by «; and the co-efficient of 
the expantion of the vapour by d; we shall find that the excess of heat of the water 
above the boiling-point under the pressure of one atmosphere is f— 100, Bat the 


that is to say, under the pressure of one atmosphere, would be converted Into vapour 
by the quantity of heat, ¢ ~ 100, would be to the whole helght of the water column / 


as (€ 100): A column of wuter of tho boight “=! would therefare be eva- 
Yorated at the mean temperature 1, if the water were under the promure of one 


a | 
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rise or aguinst which they may be driven in the atmesphere, and often 
the latter extends to some distance from the place of escape (well 


gated the well-known siliceous deposits from the Geysers of 
Referring to the analysis of the water of the Great 
mentioned, and remarking that the silica is dissolved in 
hy alkaline carbonates, and in the form of a hydrate, he 
that “no trace of silica is Lees oer aba rreee eri 

and it is only after the evaporation of the latter that ai 
posited in the form of a thin film on the moistened si 
vessel where evaporation to dryness takes place, whilst the 
itself’ is not rendered turbid by hydrated silica until the 
of concentration is far advanced.” Profesor Bunsen then points 
out, that, in consequence of these circumstances, the incrustations 


hl 


a 
ae 


if 


FEES 
His 





atmosphere, Menoe it directly follows, that the height 2, of the column of vapour 
sought at LOO aera Reai ers (29°92) Rnglish inches) will be 
aa pas 100d) 


‘On applying this formula to the wolsa of the umbers Sosa by observation, 
obtain the remarkable result that, in the period of time f 

eruption, a column of water of only 12 metres (39 feot 4+442 in. English) in 

whieh projects metros (16 foet 4-851 Inches English) to 17 motres (55 feet 0-204 Inches 
English) above the base of the tabs, generates for the diogonal section of the 

‘a column of vapour 6388 metres (2033 feet 2°245 Inches Lingtish) in height: 

to boat 100° contigrade, and under the prossure of one atmosphere), this column 


point whore the temperature amounts to 100° centigeads down to the base, ia capable, 
according toa calculation of this kind, of generating @ similar column of vapour, 
1O4L metres (3,415 English feet) in height.”—Bunsen, On the intimate connection 
existing botweon the Psoudo-Voleanio Phenomens of Iceland ; Works of tho Cevendinh, 
Soclety, Chemical Reports and Memoirs, pp. 345—349, 

* Chemical feports and Memoirs; Works of the Cavendish Society, 1845, p. 344. 


spring this inerusta 
tion, it becomes converted into a deop tabe as it is gradually nolo iy a hillock of 
siliceous tuff, combining, when it has reached n cortain height, all the requirements 
unecessary to convert it intoa Geyser. If such a tube be narrow, and be fille! with 
wlorable rapidity by a column see sera ete from below by the releanie 
‘soil, m continuous Geyser must necessarily be produced, as we find them in so many 
parts of Iceland. For it will easily be understood that a spring, eh ela 
hot possess a higher tempersture at its mouth than that which would 
PA RAEN EE Sontnsepbers « may easily, when it haa boen sun he 
‘yy gradual incrustation, altain xt its base. a temperature of 
Joou* centigrade (212° Talirasbditty ctae ta the geaseere oh toc nell pabed 


a 
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guseous emanations, of importance geologically, showing some of the 
modes in which mineral matter may be accumulated or disseminated. 
Here again the researches of Professor Bunsen supply us with valu- 
able information. He points out that the acid silica springs, besides 
inconsiderable traces of hydrochloric and sulphurous acids, and 
small quantities of ammonia-alum, or potash and soda-alum, contain 
‘sulphates and chlorides of calcium, magnesium, sodium, potassium, 
and iron, also silica and sulphurous acid, or in the place of the latter, 
sulphuretted hydrogen gas. They are especially characterised by 
deposits of gypsum and sulphur. Professor Bunsen found the com- 
pesition of the water, in 10,000 parts, taken from the Reykjahlider 
solfatara, in August, 1846, to be :— 
Sulphate oflime. . 6. 6 4 ee 
Sulphate of magnesia Eyl ee 
Sulphide of oxide of ammontum Sarees 
Sulphate ofslumin. . . . . . 


Sulphote ofvoda. . 6, 2 ewe 
Sulphate ofpotash . . 2 2 1. e 
Silica. oe 







The clay and gypsiferous accumulations resulting from these 
‘waters, or rather from the general action of their constituent parts 
upon the rocks traversed by them, and upon each other, possess 
much interest, The palagonite-tuff is decomposed, and clay, often 

in colour, is deposited, and sulphate of Time j is also 
formed. ‘The gypsum occurs as isolated crystals, and “‘ in connected 
strata and floor-like depositions, which not unfrequently project as 
small rocks, where the loose soil has been carried away by the action 
ofthe water, ‘These depositions are sometimes sparry, corresponding 
in their exterior very perfectly with the strata of gypsum so fre~ 
quently met with in the marl and clay formations of the trias.”f 





+ Te is remarked respecting the alumina, “the small quantity of which brings it 
eich iin oh sors tld tt peti ta Says Bae 
dissolved in excess by the alum of the water,—Chemicsl Reports and Memoirs, 1818, 


ae Bunsen, Works of the Cavendieh Sootety, Chomteal Reports aad Memoirs, 1818, 


p96. “Their "the Professor adds, “is owing to the fact that has not 
Niharte been potently regard in thaplanatoncf cal phenamens, vis. -— 
from solutions are more 8 surface 


substances crystallizing ly 
identical with thai wn (although at a considerable distauco from the limite of Uhele 
solubility), than on substances different from themsclves, These depositions of 
‘gypmum incrense, therefore, in there formations, in the samo manner ax we observe 
small eryvtals to enlarge in a solution, without any deposit being formed on the sides 
of the vessel; much salt being removed from the solution (not by a change of tem- 
porature, but owing to the cohesive force emanating from the érystal), s0 that no 
further deposit con bo made on the yarticlo of bodies of a different nature, ‘The 








increase in quantity.” 
iy, Transactions of the British Association for the Advancement of 
Science, vol. v., for 1837, and Doscription of Voleanos, 2nd edition, 1868, p. 658, 
we Prucdo-Volcante Phenomena of Yocland, p. 390, “*In July, 180R" 
Bunsen, ‘only a few months subsequent to the eruption of the voleano 


(iia) when rs sarng nat dine oer foro tee em 
ppesced stud smoking fumeroles, in which « large a quantity of 
a 


even the Inst traces of a stanted cryptogamic vegoiation dkappear, 
Gio mit Unewisn cowed. ‘The ‘The large fumoroles of the back of the crater, and even of 
eae cas yao ay see ‘moriatic and sulphuric acids, without 
the slightest trace of ammonincal products. When we consider 
to Boussinguult, an nero of mendow land contains as much as 32 
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more or less containing air (p. 145), does find a passage into vol- 
eanos or their foci, it may not be improbable that both causes can 
contribute to the effects recorded. 

It will have been seen that volcanic products are, as a mazs, easily 
melted, notwithstanding that, during times when the particles of 
matter could freely adjust themselves in-a definite manner, cer- 
tain mineral bodies were formed of a less fusible character, and that 
from the decomposition of ejected lava, cinders, and ashes, certain 
other substances are produced, such as siliceous and purer argil- 
laceous deposits of a more refractory kind. Looking, however, 
the mass of matter, it continues readily fusible, whether partaking 
of the trachytic or doleritic character, or of a mixture of both. 
Sheets of trachytic or doleritic tuff could be easily acted on by 
heat, so that even altered as they may have been previously, a 
considerable area, if a sufliciently-elevated temperature could be 
applied to it, would begin to yield, rising upwards if any elevatory 
force were acting from bencath, a fracture finally being effected, so 
far as any sufficient coherence of parts remained, where the resist- 
ance became uncqual to the force employed. 

That volcanic action does work through points, however these 
may be complicated, ws from time to time changed, volcanic craters 
show, und that it has at least sometimes continued to find vent 
through the same points, or thereabouts, for long periods, is not 
only attested by volcanos which have been observed during the 
historic period, but also by those to the products of which, inter 
mingled with other accumulations, geological dates may be assigned. 

That the temperature of volcanos may even change externally, 
#0 that snows reposing upon them at one time are suddenly melted 
from them at another, we have evidence both in high northern 
latitudes (Iceland) and in the warm regions (Cotopaxt), Voleanic 
products being, like rocks generally, bad conductors of heat, these 
changes are sufficient to show the variable amount of temperature 
to which portions, at least, of voleanic mountains may be exposed 
from changes in the conditions to which it may bodue, That tha 





‘nitrogen, corresponding to about 122 pounds of muriate of nmmonia, we shall hardly 
‘be disposed to ascribe these nitrogenous products of subtimation in the lava 
currents to any othor clreumstance than the yogeiation which has been destryyed by 
the action of the fire, The frequent occurrence in Southern Italy of a ee 


observed in some rare inatinces both in Southern Italy and Sicily.” 
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layers and variably-shaped masses of substances composing volcanos, 
no matter how zecumulated, have been exposed to tension and sub- 
sequent fracture, is proved by the rents in them which have been 
filled by molten matter. In the view beneath (fig. 126), in the 


Fig. 135, 





Val del Bove, Etna,* exhibiting the now hard lava protruding from 

that weathering which the whole has experienced from atmospheric 

influences, we see that the original volume of the previously~ 

deposited volcanic products has been increased by the amount of the 

molien matter so introduced. The following section (fig. 127), 
Fig. 127, 





« f 
showing the same thing, is not unfrequent amid volcanic craters 
and ravines. In it, ¢ f represent a thickness of volcanic tuff or 
lava layers, traversed by dykes (as they are termed), a } ¢ d, of lava 
which has entered fissures made by the rupture of the beds ef, 
the force acting from beneath, #0 that while, for the length seen, 
some fissures haye their walls equidistant from the top to the bottom 





* Token from Dr, Abich’s “ Views of Vesuvius aud Etaa.” 
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of the section, at a and @ they diminish upwards. Tn all these 
cases, the layers or beds are not disturbed further than by fracture, 
those on either side of the dykes preserving their continuous lines 
of original accumulation. This need not always be the case, as will 
be readily inferred, since after a fracture is made, should the liquid 
or viscous lava rise with much force from considerable pressure of a 
column of molten rock with which it may be connected, with a 
comparative cooling of the upper part of the lava as it rose, in- 
creasing the solidification of the particles, the upper layers of tuif 
or lava broken through may be heaved upwards by the friction of 
the uprising lava, this even overflowing, as appears to be frequently 
the case. Of this kind the section beneath (fig. 128), taken from 
a view by Dr. Abich, of a dyke exposed by the full of part of the 
rater of Vesuvius, is probably an instance. 
Fig. 128. 





The observer has next to consider the magnitude and direction 
of these fissures. Perhaps volcanic islands, such as those in the 
Atlantic and Pacific, are as favourable situations for studying vol~ 
canic fissures as are to. be found, not, however, that great facilities 
do not present themselves elsewhere.” The rent or series of rents 
which traversed the side of Kilauea, during the ejection of lava in 
1840, is not only remarkable for its length, but also for the com- 





* Respooting the Hawaiian group, Mr. Dana, (Geology of tho United Statew” 
Exploring Expedition, p, 282), infors >—1, ‘That there were as many separate rents or 
flasures in the origin of the Hawaiian Talanda as there are islands. 2 ‘That exch rent 
was wiilost in tho south-enst portion, 3, ‘That the south-castornmost rent was the 
Inrgest, tho fires continuing there longest to burn. 4. ‘That the correct order of 
extinetion of tho great volcanos is nearly ns follows (leaving out Molokai and Eanal, 
which wore not visited by Mr. Dana)—a, Kauai; 4, Western Oahu; «, Western 
Maui, Mount Ecka; d, Eastern Oshu; ¢, North-western Hawall, Mouna Kea; 
J, South-east Maul, Mount Malea-Kala; and y, South-cast Hawaii, Mauna Loa, 
This order,” he observes, “ is shown by the extent of the degradation on the surface, 
‘wen bregg tebmpeemalen leah bak emer) has carried on this work of 
degradation, and the amount of it is, therefore, a mark of time, and nffords evidence 
of the most decisive character.” (p. 253.) 
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paratively tranquil manner in which it was effected, the inhabitants 
not being aware of its formation by any earthquake motion, but 
from finding « torrent of liquid lava poured out.* Fissures so pro- 

dueed roel sccm to point. to muck anfening of Ha fifi 
rocks, 20 that when fractures were formed, though many miles in 
length, comparatively little resistance, from cohesion, remained in 
the rocks, From an examination of Maui (Hawaiian group), 
Mr. Dana infers that at its last eruption, a huge segment of that 
voleano must huve been broken off, by which two great valleys 
were formed (one two miles wide), through which great opening the 
lavas were poured out+ Here would appear to have been fur 
greater resistance and a more sudden overpowering of it by the 
force exerted. According to the accounts given, Jorullo was the 
result of an uprise of ground, finally traversed by a fissure 
(p. 346), With respect to fissures traversing active volcanos from 
which lava has issued, there is abundant evidence. ‘The great out- 
flow of lava from Skaptar-jékull, in 1783 (p. 344), was from 
fissures at the base of the mountain, Great fissures have been 
made in Etna, and the numerous subordinate craters seem little 
ele than points in those formed at various times through which 
voleanic matter has been ejected.} Respecting the fissures on 
Etna, M. Blic de Beaumont remarks, that they occur, for the most 
part, in nearly vertical planes, often so cutting the crater, as it were, 
to star it, the lower part of the fissures usually filled with lava, the 
higher with scorim, and with pieces of tuff and Java fallen from the 
upper part. He mentions that the fissure formed in 1832, was 
so fir a shift, or fault, that one of the sides of the dislocation rose 
about a yard higher than the other.§ The great fissure, which im 
1669 traversed the slope of the great gibbosity of Ema and the 
Piano del Largo, is described as having ranged from near Nicolosi 
to beyond the Torre del Filesofo, and to have been about two yards 
wide at the surince, a livid light being emitted from the incan- 
descent lava rising in it.|| An observer should carefully ascertain 
the directions of such rents or fissures whether large or small, and 





4 Dew. “Geology of the United Statos’ Exploring Expedition," p. 217. 
nD 

} [cis stated. that thore are $2 of these subordinate votcunio hills on the west mud 
north of the summit of Etan, nnd 27 on the east side ; “some covered with vegetation, 
others bare nnd arid, their relative antiquity being probably denoted by the progress 
vegetation lias made upon thelr surfuce,”—Daubeny, Voleanos, 2nd edition, p27. 

§ Recherches sur In Structury’ et sur 'Origino du Mont Etna, par M. 1. Blie de 
Beaumont ; “ Mémoires pour servir a une Description Géologique de la France,” 
1898, 6 Avs) TLL. 

Ibid. p. 108, 
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always with reference to the complication which may arise from, 
variable resistances, even in the prolongation of the same fissures, 
to the force employed, seeing especially if the greater fractures: 
have continued to preserve any definite directions at different in- 
tervals of time. 

M. Elie de Beaumont has called attention to the fact that these 
fractures so often starring Etna, and into which the molten lava is 
introduced, there hardening and remaining, must produce a tume- 
faction or elevation of the whole, each eruption of the mountain, so 
characterized, having a tendency to elevate the mass of the voleano.* 
‘The same reasoning is applicable to all voleanos rent and fissured 
ino similar manner, and the abundance of the resulting dykes of 
laya is often a prevailing feature in many. They are sometimes in- 
terlaced so as to show differences in date, hose of one time cutting 
those of another, exhibiting proofs of repeated fractures through the 
same general mass of volcanic matter. 

In examining some volcanic regions, the observer will have to 
consider, as above noticed (p. 323), the probable differences which 
would arise in the structure and arrangement of the accumulations 
from a part or the whole of them haying been produced beneath 
water, At considerable depths in the ocean, beyond those at which 
an equal temperature of 39°°5 (p. 96) would appear to prevail, not 
only the pressure but also the constancy of that temperture and. 
the mass of water possessing it have to be borne in mind. As+ 
suming a communication made, whether by an elevation of the sea- 
bottom and the bursting of a tumefaction formed by forces acting 
from beneath, or by one of those adjustments of the earth’s surface 
by which more or less considerable fractures are produced, he will 
have to recollect that « great volume of water, with a low tem- 
perature, would be at once brought to bear upon it, and that not 
only are the usual volcanic gasos absorbed by water, but that the 
very pressure itself might tend to drive them into the liquid state. 
It would be out of place here to enter into the probable effects pro- 
duced under such conditions, further than to notice that, supposi 
the communication made, and the elevatory force sufficient to lift a 
body of molten lava, so that it could pass out of the voleanic orifice 
or crack, the observer has to consider the effects which would 
follow. However any intense heat might permit the existence of 


* “ Mémolres pour servira une Description Géologique de la France,” t. Iv. p. 118 
acid 
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the vapours and guses observed at subaérial volcanos, before the 
rupture was effected, as soon as the water came inte contact with 
them, a ready supply of that at 89°-5 pouring in, the more heated 
water ascending, as so heated, they would disappear as they rose. 
If disseminated amid the lava thrown out, the great pressure upon 
the latter would produce its effects upon them, while the low tem- 

would soon act on the external liquidity of the lava itself. 

From such a state of things to the minor depths and surface of 
the water, great modifications would be expected, solid lava, 
(supposing the struggle between the forces brought into action to 
be such, as, on the whole, to permit a gain on the side of the voleanic 
products), probably prevailing bencath, while there was an admix- 
ture of more scoriaceous matter above, a8 the accumulations rose 
into the atmosphere. The whole mass would be liable at all times 
to be cracked and fissured, molten lava rising into the rents accord 
ing to the pressure of the time upon it, and the tumefaction 
mentioned by M. Elie de Beaumont progressing. 

‘The extent to which sheets of matter could be spread in various 
directions and at different times around submarine volcanic vents, 
would necessarily depend upon circumstances; among them, the 
absence of piles of cinders and ashes into cones, such as are formed 
by the discharge of vapours and gases through lava into the atmo~ 
sphere, being important, so that when fissures were produced, 
molten matter flowed more freely out, in the manner, 90 far os 
liquidity and. the abeence of cinders and ashes are regarded, of the 
streams which poured out on the flanks of Mauna Loa, in 1843. 

It has been seen that volcanic vents may remain for a long time 
dormant or closed, and then lava, cinders, and ashes be driven out 
of them. The probable differences which would arise in such cases 
with volcanic accumulations beneath the sea and those above its 
level, require attention. Tt may be inferred that, beneath given 
depths of water, where the rents have been more frequent, and the 
lavas have more frequently been thrown out, there may be such a 
mechanical resistance to the new application of an elevatory foree, 
that an increase of heat may softenand even melt some of the prior- 
formed accumulations, for the most part readily fusible. Thus a 
dome-shaped mass may be raised, not finally splitting, in given 
localities, at its surface, until even above water, and the quiet 
cracking of Mauna Loa for the length of many miles, would appear 
to show us that conditions may arise, even in subairial volcanos, 
aap pa hae en soft e vuleanie cra 
comparatively moderate distances {rom that crust, 
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VOLCANOS AND THEIR PRODUCTS CONTINUED.-THE CALDERA, ISLAND OF 
PALMA.—SECTIONS OF BFNA AND VESUVIUS—FORM AND STRUCTURE OF 
BINA, —ORIOIN OF THE VAL DEL DOVE, ETNA.—FORSILIFEROUS VOLCANIC 
TORY OF MONTE SOMMA.—MIXRD MOLTEN VOLCANIC ROCKS AND CON~ 
GLOMERATES—MODIFICATION OF SUBMARINE VOLCANIC PRODUCTS.— 
PEAK OF TENEMYPE,—SANTORIN GROUP.—ISLAND OF ST, PAUL, INDIAN 
OCEAN.—DISTRISUTION OF VOLCANOS IN THE OCKAN—ON CONTINENTS 
AND AMID INLAND SEAS—VARIABLE PROXIMITY OF YOLCANOS TO 
WATER.—EXTINCT VOLCANOS—MINERAL AND CHEMICAL COMPOSITION 
AND STRUCTURE OF BASALT. 


‘Taar dome-like clevations of volcanic products have been formed, 
MM, Von Buch, Elic de Beaumont, Dufrénoy, and others consider 
they have sufficient proof. Some notice has been above given 
(p. 318), of the equivocal appearances which may be by 
the “ craters of elevation’ and the “craters of eruption.” The 
Caldera, in the Island of Palma, Canaries, is adduced by Von Buch as 
a good example of the ‘* craters of elevation.” A large precipitous 
cavity or crater is there surrounded by beds of basalt and conglo- 
merate, composed of basaltic fragments, dipping regularly outwards, 
and is broken only by a deep gorge on one side, through which 
access can be obtained to this central cavity. White tmchyte, 
and a compound of hornblende and white felspar, are also noticed 
among these rocks. ‘There being no mixture of scorim or ashes, 
and the beds of molten rock as well as the conglomerate presenting 
uniform stratification, it is inferred that the whole was formed 
under different circumstances, such as beneath water, from the 
ordinary eruptive accumulations of a volcano, and had been up- 
raised in a dome-like manner, until finally the rupture was 
effected, and the least resistance being in one direction, the lateral 
gorge was produced, the whole presenting the appearance of the 
pear-shaped termination of the fissures in figs. 115 and 116. 

M. Elie de Beaumont has given a valuable description of Etna, 
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illustrating the mme views. The Val del Bove shows an 
accumulation of many hundred layors of fused rocks, somewhat 
resembling the modern lavas of this mountain, interstratified with 
others composed of fragmentary and pulverulent substances, the 
beds varying in thickness from half'a yard to several yards, those 
of fused rock commonly thinner than the fragmentary deposits. 
The surfaces of the former are rough, and their outer part is 
penetrated by cells to the depth of 8 or 12 inches; whence beds 
only 20 inches or 2 feet thick are cellular throughout. The 
thicker beds are solid in the middle and resemble certain trachytes, 
labradorite replacing orthoclase. The fragmentary beds are true 
tuffs, their structure similar to those found in the Cantal and Mont 
Dore, the component fragments composed of the same substances 
as the fused beds, sometimes scoriaceous, at others compact. The 
beds of the Val del Bove undulate in different directions, varying 
from horizontality to inclinations of 20° and 30°, without their struc- 
ture or thickness being altered in a constant manner, They are 
traversed by 2 multitude of lava dykes, the rock of which is of the 
same kind as that of the fused beds. Though these take various 
Biectieat it we prnetloncd thar thers & w tendeney es BAe 
one ranging E.N.E. 

The general form of Etna will be seen from the accompanying 
view (fig. 129) taken from one of those in the atlas of M. von 
Walterhausen.t By it the very slight rise of the general mass 
to the central crater will be observed, as also the great break in 
front, known as the Val del Bove, where the more ancient yol- 
canic accumulations are considered to be exposed, While this 
view may thus be useful in showing the general outline of the 
mountain, so far as views embracing considerable areas may do 80, 
the annexed section from west to east (fig. 130),t will more cor- 
rectly give the real shape of Etna, taken through the Val del Bove, 
therefore somewhat across the outline represented in the view, and 
exhibit the steep descent through the cliffs of that great break or 
depression on the flank of the mountain. 





+ “ Mémoires pour servir a une Description Gdologique de la France," tom. fy. 
According to M. Elie de Beaumont the order of the Etna formations is as follows ;— 
1, Granitoid rocks, known only by ejected fragments, 2. Caleareous and arennceous 
rocks. 3. Basaltold rocks. 4, Rolled pebbles, forming a line of bills at the junction 
of the Plain of Catania and the first slopes of Etna. 6, Ancient lavas, forming the 
escarpments round the Val del Bove; and 6. Modern eruptions (p. $9). 

+ Maps ond Views of Etna. 

t Taken from Dr. Abich's “ Erliuternde Abbildungen Goologischer Exscholnungen 
deobachtet am Vesuv und Aetna,” pl, 9, Berlin, 1837, In this section, the seale for 
height and distance is the sane. 
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M. Elie de Beaumont quotes M, Mario Gemellaro as pointing 
out that the central mass of Etna is composed of two cones passing 
into each other; one, interior, formed of ancient volcanic pro- 
rhs Eun lbh; aateniie/Semned oF iaaieoninceeoaubenee Clee 
two cones are upon the same axis, the ancient nearly cast from the 
modern cone, whence they do not completely embrace each other, 
the modern not altogether covering the ancient, and the products 
of the latter being exposed on the eastern side of the mountain, 
especially in the Val del Bove*. This considerable and sudden 
gap in Etna, M. Elie de Beaumont agrees with Sir Charles Lyellt 
in teferring to a great subsidence of that part of the mountain, in 
the same manner as the much larger volcanic mass of the Papan- 
dayang fell in at Java in 1772, and that of Carguairazo subsided 
on the 19th of July, 1698; a volcano considered previously to 
have rivalled its neighbour Chimborazo in height. M. Blie de 
Beaumont refers to the possibility of the lava which lifted the 
ancient mass of Etna having been abstracted, so that the needful 
previous support of the portion now occupied by the Val del 
Bove being removed, depression was the result, He considers 
Etna to have been an irregular crater cf’ elevation, the uplifting 
force not having there acted in the same simple manner as at the 
Isle of Palma, Teneriffe, and Monte Somma (Vesuvius).$ M. Elie 
de Beaumont infers that the first-formed deposits were nearly 
horizontal, successive fissures presenting channels for the out- 
pouring of very fluid lava which spread round in various directions, 
in the manner that sheets of basult are seen to have done in 
many countries, and especially in Iceland, cinders being also 
ejected, so as to alternate with the fluid rock. Upon the accumu- 
lations thus produced, the elevatory force is considered to have 
acted in the manner described. 

Tn like manner, the part of Vesuvius known as Monte Somma 
has been inferred to be the remains of a crater of elevation, which 
has been broken through, so that it became, in a great measure, 


+“ Mémoires pour sorvir a ane Description Géologique de France,” t. iv. p. 12k 

+ “‘Pritelples of Geology," Ath edition. 

$ “Mémoires pour servir « une Description Géologique de France," t. fv. p. 188 
M, Blio do Beaumont further observes, that “ the force which raised the gibbosity 
of Etaa appears to bave acted not on wsingle and central polat, hut in a straight 
Hne, represented by the axis of the ellipec, of which the suuthera, uortbern, and 
eastern flanks of the Val del Bove form part; and it scoms to have acted unequally 
on the different parts of this straight line, so that ita westorn extremity, answering to 
the actual voloanic vent, has been more raised than the rest. An elevation of this 
kind could not be produced without the upralsed masses being broken, and the routs 
aght ehiefy to ebinide with to line of elevation, or diverge, radlatng, fam fa 
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33 FOSSILIFEROU TUFF OF MONTE SOMMA. (Cu xx. 
covered by the eruptions of more modern times, those chiefly which 
followed the great oatbreak of 79. The section® (fig. 131) will 
serve to show the general outline of this volcano, as well as the 
portion of the cone (Monte Somma) which existed prior to that 
eruption. After describing the volcanic tuff of the environs of 
Naples, showing that it is composed almost entirely of the débris 
of trachyte, the greater portion of the fragments contained im it 
Fe a eS et ee 
that it was arranged in beds under water,t M, Dufrénoy observes 
that the tuff of Monte Somma is the continuation of the same 
accumulations, and quotes M. Pilla ss having discovered fossil shells 
in it§ He points out that among the limestone fragments in the 
tuff of Monte Somma some are covered by small serpul of the same 
jes as those which adhere to the rocks on the coast of Sicily, 
and that these fossils not being in the least altered, they prove, 
even more than the general disposition of the tuff, that it has been 
formed beneath water, and subsequently raised to its present height 
on the Monte Somma. ‘This tuff, with its fragments or pebbles of 
limestone (commonly saccharoid) and of micaceous rocks, M. Du- 
frénoy considers, with the lava associated with it on Monte Somma, 
to have been upraised, in a vaulted manner, by volcanic forces 
acting from beneath, the eruptions finally finding vent through 
this elevated mass, and forming the present Vesuvius. The rocks 
composing Monte Somma and Vesuvius are pointed out as dif- 
ferent. While the lavas of Monte Somma resemble crystalline rock, 
such ag granite and trachyte, the Vesuvian products are scoriaceous. 
‘The former are composed of leucite, augite, labradorite, and some 
* From Abich's Erliuterade Abbil 


iidungen Geologischer Ersoheinungen beobachtet 
om Vesuy und Aetna,” pl. 9, Berlin, 1837. The scale for this section is the same 
Sg ber distance, but it differs from that of the section of Ktaaon the same 


Pe. Dufrénoy (Siémoires pour vervir a une Desceiptin Géologique de Is France, 
t. Ivy Pe 240) adds fo the evidence of Mr. Poulet Serpe, who pointed ont (Geol. 
‘Tranmtionn, ta eric, vo, Up. 341) that tla tall conaland the renclad of tras 


that ostrea, eardiwm, and pecten have boon obtained from the quarries in the hill of 
ess ota 01 Rv Stes la other 


Pi BE Duftécny mentions (Ménolrs pour servir, &e., t. iv.. p. 238), that this tui 
‘often presents cavitios rom 6 tnchen to'2 fect In height, almost always taking = 
Vortical direction, ‘They are numerous in the tuff of Naples Itself, and in the escarp= 
ments on the high road to Nesita, Their parallelism leads him to infer that they 
have been caused by the abundant escape of gus which traversed the beds befero 
‘thelr entidifieation, "M. Dufrénoy (p. 241) also notices concrotions in the tuff, chiefly 
fn the argilinceous beds. 

§ ‘The fosails found by M. Pillaare Zwrritella terebra, Cardium ciliare, Corbula gibba, 
‘and a portion of an Echinite, 
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rare nodules of olivine ; while the latter, when compact and erys- 
talline, are formed of crystals of the order of felspar, but differing: 
from ordinary felspar, albite, and labradorite. They, moreover, 
contain erystals of green augite, some nodules of olivine, and some 
mire plates of mica. As with the lava and tuff beds of the Wal del 
Bove, Etna, the lava and tuff of Monte Somma are traversed by 
numerous lava dykes. 

Without multiplying examples of mixed beds of conglomerate, 
tuff, and lava, so occurring as to render it probable that these 
volcanic accumulations had been effected beneath water, mention 
may be made of the evidence on that head obtained by, Mr, Dana 
among the islands of the Pacific, as the descriptions given of such 
aggregations at Oahu, and Maui (Hawaiian group), and Tahiti, 
possess much interest in their geological bearings. Some of the 
rounded masses in the conglomerate of Kauai are stated to contain 
30 cubic feet, lying against each other, the interstices between 
filled in with pebbles and finer matter. At Oahu there are some 
finely-laminated tuff, which as much point to their formation 
beneath water as the conglomerates." Molten rocks and con- 
glomerates are mentioned us alternating at Tahiti, some of the 
stones in the latter being six inchesindiametert In such islands 
we have merely the upper portions of volcanos above the level of 
the sea, As respects the evidence of their uprise from situations 
where large rounded blocks and pebbles could be formed, the 
simple tumefaction of the volcanic mound, from the causes above 
noticed (p. 381), would alone aid the uplifting of beaches and 
yarious deposits, in minor depths, to heights proportionate to the 
introduction of the matter filling dykes traversing the masa, and 
to the extension of the various deposits of ashes and cinders, and 
of lava, by heat, as covering after covering was accumulated, 
independently of any great force applied from beneath, and tending 
to dome out and perhaps throw off the flanks. 

‘The observer will have to consider the probable figures which 
beds would take round volcanic islands. If we are to suppose 
some voleanos, now inland in various parts of the world, to have 
been once islands, the depth of water around them at different 
times would much influence the arrangement of their mineral 
products. We should expect the deposits which now take place 

° “Geology of tho United States” Exploring Expedition,” pp. 23% 261, 
ST IMd, p 995. Mr. Dana describes the general dip of these beds to be from the 


centeul part of the island outwands, the central rocks belng more compact than those 
on the exterior and loss vosicular, more trachytie and syenitle (p. 296). 
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PEAK OF TENERIFE, {Ca xx. 
be much modified, 
as regards geneml arrangement, from those of any voleancs ia 
shallow seas. We must refer to previous notices of volcanic 
and cinder accumulations in tideless (p. 69) and tidal eas (p, 

and the working out of soft from hard volcanic matter by the 
breakers (fig. 80, p. 192, as pointing to these modifications. To 
these may be added the condition of volcanic islands, such as those 


covered with subaérial accumulations, should volcanic action con- 
tinue above water in the clevated mass. The accompanying view 
of the Peak of Teneriffe (fig. 132), by M. Deville,* taken from 


Fig. 192. 





near Santa Ureula, may serve to illustmte the slope of that moun= 
tain, considered fundamentally due to the elevation of beds of tuff 
and molten rock around the central portion, upon which the sub- 





* © Eeades Géologiques our les Les de Téndriife ot de Fogo," 1847. 
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atrial eruptions have formed the present Peak, ag also the cutting 
back of the mass at the level of the sea by the breakers. 

As to the elevation of volcanic accumulations, the island of 
Santorin has attracted considerable attention, not only from the 
discovery of organic remains in the tuff, now raised above the 
sea, but also from its general form and its history, Dr. Daubeny 
infers—with respect to this island, or rather islands, the larger 
known to the ancients as Thera, and the second in size as The- 
rasia, though there may be some uncertainty as to the whole of 
the little group having been thrown up in historical times—that 
some considerable convulsions may have occurred, to which early 
ancient writers refer.* Whatever obscurity may hang over the 
‘exact times at which the Santorin group, or parts of it, were up- 
raised above the level of the sea, there appears none as to changes 
having been effected in its isles and islets by volcanic action from 
remote historical times, 

Nearer our own times, it seems certain that a portion of this 
volcanic mass was raised above water in 1573, forming a rock 
known as the little Kaimeni; that there was an eruption of pumice 
near Santorin in 1638; and that, in 1707, a new rock rose 
between the Little and Great Kaimeni, “ which increased in size 
s0 rapidly, that in less than a month it became half a mile in 
circumference, and had risen 20 or 30 feet above the level of the 
wator, constituting a third island, which was called New Cammeni, 
a name which it still bears,”4+ Some persons landing on the up- 
raised rock to collect oysters adhering to it, were compelled to 
leave it from the violent shaking of the ground. ‘The commence- 
ment of the island was first observed on the 28rd of May, 1707. 
Tn July, black smoke accompanied the upheaval of the rocks, and 
much sulphuretted hydrogen appears to have been discharged. 
Stones, cinders, and ashes were shortly afterwards ejected; showers 


* Daubeny, een ponint Volcanos? Bot silo BAK» Dr, Duubeny refers 
to the statement of Pliny, that 130 years after the separation of ‘Therasia, the island 
of Thera way thrown up; “a statement," be observes, “confirmed by Justin and 
Plutarch, as to the fact, though not aa to tho date.” * * * “TItivto this event 
‘that Seneca seems to refer, where hospeaka of an island thrown up in the Aigean Sea, 
‘by sn accumulation of stones, of various sizes, piled one upon another.” * * * 
© Pliny also speaks of another phenomenon of the same kind, ax happening in his own 
time, for he tells us that in the reiga of Claudius, av, 46,0 new Island called Thin 


‘by a subsequent 
revolution, as by that recorded to avo taken place in the year 726, by which Miers 
{is said to have been greatly augmented in point of size,” 

+t Daubeny (Description of Voloanos, p. 221), who quotes from Father Gorve, ax 
oyewitness of the fact, sven fret Searo and al that ede of Santoria. 
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of the two latter spreading to considerable distances, ‘The volcanic 
action continued for nearly a year, more or less; indeed, during 
ten subsequent years.* As Dr. Daubeny remarks, this 
action has not yet ceased, inasmuch as a reef found by the fisher- 
men to have been raised, during a short time, to within 30 or 40 
feet of the surface, was in 1829 ascertained, by M. Lalande, to 
have no more than 9 feet water over an arca of 2,400 by 1,500 
feet, the ground gradually sinking around from the centre, and 
less water, by two foct, was obtained about two months afterwards 
by M. Bory de St. Vincent. 

‘The accompanying (fig. 135) is 1 map of these islands, with a 

Fig. 183. 





of sulphuretted hydrogen, Some days afterwards the neighbouring waters grew hot, 
and many dead fish were thrown upon the shore. A frightful subterranean noise was 

‘at the same time heard, long streams of fire rose from the ground, and stones con- 
tinued to be thrown out, until the rocks became joined to the White Island 


‘and similiar appearances, continued round the island for nearly «. 


cloud of smoke nnd cinders that procooded from the principal crater. ‘This was 
followed by ejection of red-hot stones, from whieh he very narrowly wcapol.” The 

marivers reworked, that the heat of the water hnd carried away all the plteh from 
thelr vesscl."—Daubeny, * Description of Voleanca," p. 322. 
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sketch of the banks and form of the ground beneath the sea, a3 
shown by the late survey of Captain Graves, R.N. The crateri- 
form cavity in the centre, with its depth of 213 fathoms (1,278 
feet), will be at once apparent, with the shallow depth on the west, 
dividing it from the Mediterranean in that direction. Equally 
interesting is the deep channel running to the northward, with as 
much as 990 fect in it, reminding us of those figures and descrip- 
tions of the craters particularly brought under notice by Von Buch, 
where a great rent appears to have been effected on one side, form~ 
ing a ravine entrance to their central, and often otherwise inacces- 
sible interiors, Such a form also will again remind the observer of 
the pear-shaped termination of fissures noticed above (figs. 115 and 
116), one which would so readily accord with the power of a force 
acting from beneath upwards, so that if this was exerted in the 
centre of the group of Santorin, and a fissure extended 
through the deep channel there presenting itself, there appears no 
mechanical difficulty in supposing a somewhat yielding covering, 
rendered 0, in a great measure, by heat, opening outwards in such 
a manner that the chief fissure would suffice for any required sepa- 
ration of parts, a certain amount of cohesion still remaining, It is 
needful, in estimating the effects which would be produced in this, 
or in a somewhat similar manner, to regard the whole mass with 
reference to proportion and real sections,* so that no undue value 
should be attached to heights or distances; and also to the masses 
of limestone of Mount Elias and the hill on the north of it, a range 
of that limestone on the eastern side of the island (marked by 
stright lines on the map, fig, 133) having to be taken into ac 
count. It is also easy to conceive—indeed, the variable intensities 
of different cruptions from the same volcanic vent point to the fact 
—that the action which at one time may elevate a considerable 
mass, may at another, and after time, be unable to cause more than 
a central movement in a volcanic vent.} 

Professor Edward Forbee and Captain Spratt, R.N,, who visited 
Santorin in 1841, state that ‘the aspect of the bay is that of a 
great crater filled with water, Thera and Therasia forming ite 


Soper igri pearets pda fae ci ped aeons 

+ When noticing the uprise of ground and cruptions witnessed at Santorin by the 
Father Goree, in 1707 nnd 1708, Dr. Daubeny calls nttention, as important to the 
natural history of volcanos, “that im this case, us In many others, the mountatn 
appears to have been elevated before the crater existed, or gaseous matters were 
thrown out, Soaeding to Bowgelgnon, anoke was vot observed 436 ders salar 
the appearance of tho raised rocks." —“' Description of Volcasos,” p. 322. 
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walls, and the other islands being ions in its centre.”* 
Tn the Little Kaimeni they found the ted sea-bottom, formed 


that siudlar beds of shell were found on the cliffs of Santorin ite 
“ Tn the main island, the volcanic strata abut against the limestone 
mass of Mount St. Elias, in such a way as to lead to the inference, 
that they were deposited on a sea-bottom, on which the present 
mountain rose as a submarine mass af rock."{ The following 
view (fig. 134), kindly communicated by Captain Spratt, RN., is 
highly illustrative of the general appearance of the interior of the 
egies remy ete portion of Sie senile oa 
of stratification which occurs around the central opéning, 

Ina group of this kind, independently of any eruptions through 
the central cavity or crater, which it would appear have taken 
place even in later historic times, breaker-action upon the interior 
clifls, upon the softer substances especially, would tend. to degrade 
them, and deposit the detritus, so derived, in the central 
sion, a deep cavity in a tideless sea, as the Mediterranean may be 
considered, as far as regards geological effects. In like manner, 
also, heavy seas rolling over the gap facing the south-west, betweem 
‘Therusia and Cape Akroteri (Gantorin), where Aspro Island rises 
above the shallow bank connecting the chief islands (the brim of 
the volcanic basin, slightly covered with water),§ tend to force in 
detrital matter, Deposits at the bottom of the central cavity, 
yarying in depth from 960 to 1,278 feet in its curved passage 
round the Kaimeni, would seem well at rest, except as regurds 
upheaval or depression from volcanic action there prevailing. Tn 
eases where animal life might become extensively destroyed by 
the boiling of the waters, a ready supply of the germa, even of 





* Ina letter from Professor 5. Sonves to De Deabeey, qucted by Gs eee 
Description of Volcanos,” 2nd edition, p, 824, 1848, 

+ Professor E, Forbes informs me that the following shells were there cbtained>— 
Pectunctulus pilomus, Arca tetrayona, Cardita trapezia, Trochus ziziphinus, T. fanulum, 
T. exigwms, T. Coutourli, Turlo regorus, T. sanguineus, Phasianella pulla, Territelia 
tricostata, Newra cuapidata, Cerithium Lima, Pleurotoma gravite, 

1 “ My own impression is,” adds Professor E. Forbes, “ that this group of islands 
constitutes 0 orater of elevation, of which the outer ones are the remains of the wally, 
whilst the central group is of later origin, and consists partly of upheayed sea- 
kava 4 and partly of crapled matter, erupted, however, beneath the surface of the 


By coasting with the southern polnt of Therasia, the soundings show this 
sesarges beim af he eter to be wocoemrly 49°35, 54, 66, 54, and 42 feet (dey 
at whlch wind-wnve action would enuso much disturbance on the bottom, 
fess Ser les» fe polut, marked a¥ a sunken rock, rising higher between the 
south end of Therasia and Aspro Ininnd, 
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little more cutting away of the remaining walls of the crater by 
breaker action, or a slight change of level, bringing some lower 
part of its lip further down, a similar entrance of the sea would be 
effected, The island of St. Paul may be taken in illustration of a 
crater just 80 fir laid open by breaker action, that the portion of 
the brim of the basin through which the sea enters is nearly dry 
at low tide. It will be scen by the accompanying plan (fig. 135), 


Fig. 195, 





that this little island, scarcely 24 geographical miles from N.W. to 
§.E., and about 14 mile broad from N.E. to S.W., rising in the 
Indian Ocean, between the south of Africa and the west of 
Austrolia, Madagascar being the nearest mass of dry land, and 
more than 2,000 miles distant, is the mere summit of a volcano. 
With its companion, Amsterdam Island, it forms a remarkable 
protrusion through the ocean amid a mass of waters, an excellent 
example of the uplifting of volcanic matter through them. ‘That 
such mere points should be easily removed by breaker action, 








Cm XX.) BREAKER ACTION ON ST. PAUL ISLAND. 397 
unless some hard rocks should be accumulated, would be expected, 


and the foregoing plan (fig 135) Se ie ate 
136),* would seem to show that its abrasion by such means is now 


Fig. 136. 





4, Nine-Pin Rock ; , Entraneo to crater-lnke; ¢, Cliff, well exhibiting the united 
action of breakers and atmospheric influences; d, Durk-coloured rock, dipping seas 
ward; « Seotion of a dark-coloured bet; f, The scuthorn point of tho Inland. 


being accomplished. The high cliffs, several hundred feet in 
clevation, appear the remains of the accumulations cut back by 
the breakers, so ceaselessly at work in such a situation, the amount 
of removal on the N.E, of the island being, to a certain extent, 
shown where the anchorage (a) of the surveying ship, the * Fly,” 
is marked in that direction on the chart, as upon sand and stones, 
and beyond which the depth suddenly increases seaward. The 
greatest height of the island is stated to be 820 feot. ‘The Nine- 
Pin Rock (a, fig. 136) is merely a harder portion left by the 
breakers, and it may be inferred, the present breaker action con- 
tinuing to remove the matter of St. Paul’s Island, and no new 
eruptions adding to its mass, that in time such points might alone 
remain above water to attest the former presence of a volcanic 
crater, the walls of which once rose several hundred feet above the 
level of the sea.t 
The distribution of volcanos over the face of the globe will strike 
the observer as necessarily important when searching for their cause 
and studying their effects, It will also at once be apparent to him 
that independently of the modifications which may arise in local 
conditions, so that the same vent may be active at one time, with 
a degrees of intensity, and dormant at another, there may 
great general conditions becoming 0 permanently changed, that 
nee once marked by volcanic action may so far be considered 
as ceasing to be so, that some very considerable modification in such 
ion of the earth’s crust must be effected to produce a return of 
that action. In consequence of such complicated conditions it be- 





* From that accompanying the Admiralty chart of the island of St. Paul, by 
Capiain Blackwood, K.N. 
+ In tho viow above given thore Is an apparent Interstratiffeation of 


shaded rocks, perhaps of lavas and tuff. During the al process: eam 
Proce bor ciel fa tered pec regres Bry be 
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comes almost impossible to separate active volcanos from those termed 
extinct, inasmuch as we can scarcely be certain that many of the lat- 
ter may really be such, and not in a comparatively dormant state, 


have been active from those never recorded to have been #0, though 
often preserving the forms which they took under subsérial erup- 
tions and lava outflows, atmospheric influences having little changed 
such forms. This division, however convenient in the 

state of the subject, should not mislead the observer, nor will it do 
so when he regards volcanic action on the larger scale, and igneous 
products generally, during the long lapse of geological time of 
which we can obtain any relative records. 

Tt has long been remarked that active volcanos are chiefly, 
though not altogether, situated amid, or at moderate distances 
from, oceans and seas,* a circumstance also considered important 
as regards their products, especially as respects aqueous vapours 
and certain of the guses evolved, It would be out of place to 
enter upon the hypotheses framed in consequence, further than 
to call attention to points which appear important for the effective 
study of the subject. First, however, as respects the facts recorded. 

glancing at any of the maps of the world whereon the exist- 
ing knowledge of volcanos, considered sufficiently active, is laid 
down, we find them in the ocean separating America from Europe 
and Africa, ringing in points, or groups of points, from Jan 
Mayen’s Island on the north, by Iceland, the Azores, Canary, and 
Cape de Verde Islands, Ascension, and Trinidad (South Atlantic), 
to Tristan da Cunha on the south. On one side of the same waters 
the line of the West Indian volcanos presents itself In the Indian 
Ocean appear the somewhat scattered groups of the Islands of 
Bourbon, Mauritius, and Rodriguez, and the small isolated points 
of St, Paul and Amsterdam Islands. In the central portion of the 
Pacific are the Hawaiian, Marquesas, and Society Islands groups, 
with Easter Island. On the north of the same ocean is the 
of the Aleutian vents, having a somewhat W.S.W. and E.N.E. 
direction, (a if upon a great fissure,) into the north-west of North 
America. ‘To the westward of the Aleutian volcanos a range of 
vents, commencing with the somewhat lofty voleanos in Kams- 
chatka, proceeds in a south-west direction through the Kurile 
Islands to and beyond Japan. Southward of the latter, and having 


* M. Amgo pointed out in (A enanley) Ces ace Ses ee the 1% 
reputed active volcanos of the world ware not so clreumstanced. 2 
eal 
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a north and south direction, are the volcanos of the Bonin and 
Mariana Islands. On the S.E. of Japan a series of vents com- 
mencts, which, mnging down by Formosa and the iippii 
passes round in the form of a huge fish-hook, by the N.E. point of 
Celebes, Gilolo, the volcanic isles between New Guinca and Timor, 
Floris, Sambawa, Java, and Sumatra, to Barren Island, where a 
central active cone rises amid water, entering from the eea on one 
side, this interior water bounded, except on that side, by a series 
of cliff* Returning to the Pacific we find the volcanic group of 
the Galapagos in that ocean, off the coast of Quito. 

As respects volcanos on continents, or in seas more or loss 
intermingled with them, the vents of South America constitute 
by far the most important range. After quitting the voleanos of 
Tierm del Fuego, a space intervenes northward for several degrees 
of latitude in which they have not been noticed. Then succeeds 
the long line of the volcanos of Chili, eeveral rising to considerable 
heights above the sea, Another break then occurs, after which 
voleanos appear in the Andes of Quito, Cotopaxi, being one of 
them. Passing the Isthmus of Darien, the vents of Guatemala 
come in, succeeded more northerly by those of Mexico. Continuing 
in the same direction volcanos become scarce in North America, 
a few points only being noticed in California, upon the Columbia, 
on the island of Sitka, and in Russian America,t where the Aleu- 
tian range joins in. Active voleanos in Europe are confined to 
the Neapolitan States and Santorin, the latter being inferred to be 
merely for the time, dormant. On the continent of Africa no 
active vents are known, Jebel Tarr, in the Red Sea, being as 
much Asiatic as African. With respect to Asia, the great mass 
of that continent appears (omitting the Kamschatkan peninsula), 
to be at least, in a great measure, without active vents, Though 
doubts are expressed respecting such vents, the statements regard~ 
ing volcanos in Central Asia are deserving of every attention, and 
numerous warm springs would appear there to be found, under 
circumstances which may connect them with volcanic action.} 





eta ag ot Ucn flan la fon 

t Wrangell's Volcano, on the Aton. 

t With respect to the voleanon of Contenl Asia, Humboldt, after observing that 
‘Asel Rémasat flewt called tho attention of geologists to them (Annales des Mines, 
Ce rate sucks (Ronen fablne’, TU edson, p33) st ters tam greet 
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Te will be perceived that the statement us to thees communi- 
cations with the surface of the earth being chiefly found amid 
oceans and seas, or not far from thom, seems borne out, Volcanos 
in Mexico and those of Central Asia, assuming that there are still 
active volcance there, would appear the principal exceptions* 
As respects the former, it has been held by the qdvocates of the 
necessity of water as one of the causes of voleanic action, that there 
may be a connexion slong a great fissure extending in an east and 
west direction actoss Mexico, vents being established upon it 
at Colima, Jorullo, Pococatepetl, and Orizaba. With mgard to 
Central Asia, it can be inferred that it is a region which may 
have once been in a great measure cecupied by an inland sea, 
waters being then supplied to the volcanic foci, as is now 
by some to happen in the volcanic regions of the Mediterranean. 

Should the presence of water be considered only a secondary 
cause of volcanic action, it would follow that during the change 
of levels which have taken place over large areas on the earth's 
surface, circumstances may arise that should at one time permit 
the easy access of water to great fissures or apertures of any 
form, and at another prevent it. Thus aiding in changing active 
volcanic regions into those termed extinct, independently of the 
termination of other and perhar more general conditions from 
which volcanic action may -..» If we regard the variable 
amount of dry land which would be exposed above water by 
changes of the relative level of sea and land, such as has been 
above noticed in the British Islands (fig. 99), it would appear that 
parts of France might constitute islands at one time to which sea- 


volonnic chain, the Thian-schnn (celestial mountains), to which belongs the Pe-schan, 


indian Ocean (1,400 and 1,528 miles), ‘Pe-sohan is also fully 1,60 miles from the 
Cagplan Sea, and 172 avd 208 miles respectively from the great lakes of Issikoul and 
Balknsch.” * * * “Tt is impossible not to ‘recognize currents of lava in the 
descriptions given by the Chinese writers of smoke and fiamo bursting from the 
Pe-schan, accompanied by burning masses of stone flowing as freely ax ‘melted fist,” 
and devastating ‘the surrounding district, in the first and seventh centuries of 
our era.” 


* Respecting the range of the Mexican volcanos, Humboldt remarks (Kosmos, 
Sabino's, 7th edit, p. 292), that Jorullo, Pooooatepetl, and the Voloano de ta Bragus, 
are respectively 80, 183, and 156 geographical miles from the oecan. 

4 Reference to the remarkable fact that in the island of Cephalonia a stream of 
son-water, ia sufficient quantity and volume to turn a mill, i# constantly flowing from 
the tea inland, where it becomes swallowed up, has boon made, ax ill fn 
‘employment of water in yoleanic action, that supply of water boing 
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water could have more Speier ers gas e | 
volcanic foci beneath, than at another. ‘Thus, supposing such 
supply needed, if it were stopped by changes removing the sea to 
greater distances, a region centaining active volcanos at the one 
period, might present only extinct craters at another. This, even 
under the hypothesis of the water being essential, might not 
necessarily be always the real cause of change, inasmuch as the 
general conditions, productive of volcanic action in such districts, 


times, which offer clear evidence of volcanic action having pre- 
vailed, sometimes extensively, in them at no very remote geo- 
logical period, loose piles of cinders and ashes, and lava streams 
being found nearly as fresh as when ejected. The district of 
Auvergne, in central France, has for about a century engaged 
attention, as one of extinct volcanic action.* ‘This seems to have 
continued for a long period, various points of communication 
haying been established between the interior of the earth and the 
atmosphere at different times, and changed and modified results 
the consequence. In addition #* ‘Auvergne, similar accumulations 
are found in France, in the Cantal, the Velay, the Vivaraia, the 
Cevennes, and in the vicinity of Marseilles and Montpellier. In 
Germany they are econ in the districts of the Eifel, the Sicbenge- 
birge, and other places. Hungary, Transylvania, and Styria, 
present their trachytic and other igneous products, Extinct vol- 
eanic action is also traced in Spain and Sardinia ; Italy offers its 
extinct as well as active volcanic accumulations, as does also 

* It is now about a contury since (1752) that Guettard published his “ Mémotre 
sur quelques Montagnes de In Pronce, qui ont été dos Voloans (Mémoires de I'Aca- 
émie des Sclences).” As regants geoeral views of the extinct volcanos of 


France, 
the observer will fod them in Mc. Serope’s " Geology of Central Fmnce,” 1827; In 
the © Mémoires pour servir a une Description Géologique de To 9890.98), 





those 
Lyell remarks (* Principles "yn 7th edit., p. 51), *Desmarest, after a caro: 
ful examination of Auvergne, poluted out, frat, the most recent voleanos which had 


period, whose craters were nearly effaced, and whose lavas wero less ii 
connected with the prevent valleys; and, lastly, that there were volcanic rocks, still 
more ancient, without any discernible craters or scorie, and bearing the closest 
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Greece, when including its islands. In Asia Minor, extinct 
volcanos are found, and more expecially in the wide district off the 


and yoleanic accumulations are elsewhere noticed in the same 
land, and in Persia, and its adjoining countries, Doubtless, also, 
many other regions, not yet explored by the geologist, will be 
found to present similar accumulations, and indeed they have been 
noticed in the great continent of America, 

In various parts of the world, as well in regions where lava 
streams intermingled with ash and cinders, either piled up conically, 
or more evenly distributed, are not apparent, as in those wher 
active or extinct volcanos exist, certain rocks are found to which 
the name éasalt has been given. In the application of this name, 
care has not always been taken to distinguish the same compound 
considered chemically and mineralogically, so that in the matter of 
fusibility alone, substances so termed differ somewhat materially.t 
Fine varieties of greenstone (diabase), consisting of orthoclase and 
hornblende have as often been termed basalt, as those of labradorite 
and augite (dolerite). Tf, with M. Rose, hornblende and augite be 
considered only modifications of the same mineral, this would leave 
the difference of these two varictics of basalt to consist in that of 
the two felspars. ‘The busalt of the Mont Dor has been stated to 
contain both the sugite and hornblende forms of this mineral. 
Basalt has again been supposed essentially to consist of augite, 
magnetic iron, and a mineral of the zeolitic family} The un- 





* Messrs, Hamilton and Strickland (Geol, Trans,, 2nd seca vol. via, 7 ale and 
“Travole in Asin Minor,” 1842, by the former geologist) consider the voleante 
products of the Kntakekaumene, as referable to three periods. The yeleanic 
Aceumulations of the last period are as fresh as amid nective vents, the athos and 
‘scoriae still loose and piled up as after immediate ejection, the lava streams mugged, 
few atmggling plauts alone finding fling conditions for their growth, 

+ During the experiments on the fusibility of rocks, to which allusion has been 
aboyo made, wo found marked differences in thnt of the so-termod basalts. Allowing 
for changes by tho different conditions under which substances, originally sina, 
may have been placed, 80 thatwhile one may have been deprived of certain 
another may have mineral matter added to it, there were still evi original 
Aifferences. Ti has been sinted by De Saussurv (Journal de Physique), that basalt 
melts nt 76° of Wedgwood, The experiments of Sir James Hall (Trans, Royal Soe. of 
Edinburgh, vol. v.) went to show that whinstone, or basalt, as it has been called, ftom 
the Vicinity of Edinburgh, became soft at a temperature from 24° 10 55° Wedgwoo, 
wheat, os Dr Daubeny remarks (Description of Voleanos, p, 616), inferior to that of 
4 common glass-house. 

} Referring to the composition of this zeolitio mineral, Dr, Danbeny oe 
(Mevcription of Volcanos, p. 18), that it “Is such as to imply that it may have beon 
formed out of labradorite by the addition of water, the presence of which in all zeolites 
Js tho cause of tho Bubbling up under the blowpipe, which has aceasioned them to be 
Aistinguished by that general appellation.” Following out this view, it seeme Highly 
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certainty in the employment of the term basalt, would appear to 
require attention. Thus the rocks which encircle the Peak of 
‘Teneriffe, and usually noticed under that head, are referred by 
Dr. Abich to his class of trachyte-dolerites, While endeavouring 
to trace the sources whence certain igneous rocks may have been 
obtained, even sometimes with reference to the melting of masses 
which may have been accumulated by means of water, or have 
Pat itmningled with such deposits, mineralogical and chemical 
distinctions, as far as they can fairly be carried out, would appear 
very desirable,* While at times shects of basalt cover exten- 
sive areas, at others they are mingled with ordinary volcanic 
, oducts, apparently, therefore, ejected under dissimilar conditions, 
Basalt is sometimes highly vesicular, at others very compact; these 
modes of occurrence are observable over areas of different extent, 
both considerable and limited. 

As regards the relative antiquity of basalt, we find it noticed 
as well among the ancient as the more modern volcanic products 
of central France, and among the more modern of the Vivarais in 
the south of France, as also in those of the Eifel.t It is noticed as 
intermingled among the ancient volcanic rocks of the Siebenge= 





desirable to consider how fur a change may be brought about in a compound of auglte, 
maguotic iron, and labradorite, so that the Intter became modified by water after 
gjection, ‘The vesicles of basalts, as, for example, those of the north of Ireland, 
are often filled with zolitic minerals, the results of infiltrations into them, quite 
8 much ns ngntes, Ke., also found amid the xame rocks. In fact, incer tain district, 
eee neon Eons, ‘the zeolites forming only a part 

‘them, 

* As respects the chemical composition of basalt, including that of ‘Teneriffe 
(trnchyte-dolerite of Dr, Abich), the following table of basalt, from Saxony, (1), by 
Mi. Philips, toon Ben (2p By M: Beusdac, wad Som Tenet (8); by De AMG, 
may bo uteful — 
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+ On this point, De, Daubeny: remarks (Description of Volcanos, p. 42), when 
mentioning the occurrence of basalt with the fresh-water limestones, hear Clermont, 
and the proof hy M. Riie de Beaumont of this basalt forming dykes amid the fresh. 
water formation of the Limagne (Mémolres pour servir, &c., term 1, ta wheat 
Secasfonalty underlies tho trachyte and subjacent tulf of the districts, "its general 
relation to both these rocks indicates that it ix of more medern eruption.” 
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birge, as also of later date in the same district. Basalt is desoribed 
as among the ancient igneous rocks of Iceland. 1¢ ocours in many 
parts of the world where its relative date is not so apparent, some- 
times forming the isolated caps of hills, and resting upon other 
rocks, in a manner pointing to the considerable or partial destruc- 
tion of some great sheet of this rock. This has been supposed 
the case with the basaltic hills in parts of Germany. ‘The largest 
area occupied by basalt seems to be in India, where rocks of this 
class appear to occupy one of 200,000 square miles.* With respect 
to this rock, a fine exhibition of it is found in the north of Ireland, 
where the Giant’s Causeway and the adjacent country have long 
attracted attention. Though on a much smaller scale, the island 
of Staffa, Hebrides, has also long been equally celebrated for its 
basalt. In the north of Ireland, its eruption was posterior to the 
formation of the chalk of the same district, but the portion of the 
tertiary period to which this should be referred is not clear. 
Though by no means confined, among igneous rocks, to basalt, 
the spherical and columnar structures often developed in that 
rock have also long attracted much attention, The minor spherical 
structure sven on the small scale in some volcanic rocks, and also 
in artificial glass, and which has been previously noticed, would 
appear to have been produced on the larger scale, under certain 
conditions, in basalts, Sometimes this globular structure, as shown 
Fig. 13 during the decomposition of the xock, is 
irregular, so that the whole has the appear 
ance of balls of various dimensions piled up 
without much order (6g: 197) ; at others, 
a great order prevail, and tho concretions 
are either roughly arranged above ono 
another in wide sphoroidal shapes, or s0 prossed against each other 
a3 to produce prisms, sometimes of very symmetrical. forms. In 
1804, Mr. Grogory Watt showed by his experiments on basalt, 
that when, in the cooling of a molten mass of that rock, this 
structure was developed, and ‘two spheroids came into contact, 
no penetration ensued, but the two bodies became mutually com- 
pressed and separated by a plane, well defined and invested with a 
rusty colour,” and he cbserved, when several spheroids met, that 
they formed prisma,t 
cg Lita Colonel Byken (Geological Transactions, nd weres rol vp 40H) cbeerye 
pet ul Sea een eennnoet rae formation, covering an area 
+ Observations on Hesalt, and on the rnusition from the vitreous to the stony texture 
which occurs in the gradual refrigeration of melted basalt, Phil. ‘Trans, 18k. 
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From the arrangement observed by Mr. Gregory Watt, he in- 
ferred that “in a stratum composed of an indefinite number, in 
superficial extent, but only one in height, of impenetrable. 
with nearly equidistant centres, if their peripheries could come in 
contact on the same plane, it seems cbvious that their mutual action 
would form them into hexagons; and if these were resisted below, 
and there was no opposing cause above them, it seems equally 
clear that they would extend their dimensions upwards, and thus 
form hexagonal prisms, whose length might be indefinitely greater 
than their diameters. The further the extremities of the radii 
were removed from the centre, the nearer would their approach be 
to parallelism ; and the structure would be finally propagated by 
nearly parallel fibres, still keeping within the limits of the hex- 
agonal prism with which their incipient formation commenced ; 
and the prisms might thus shoot to an indefinite length into the 
undisturbed central mass of the fluid, till their structure was 
deranged by the superior influence of a counteracting cause.” 

Tt will require the careful study of this class of rocks, more 
particularly ina decomposed state, for the observer to ascertain the 
extent to which the view of Mr, Gregory Watt may be applicable, 
Where one plane of a sheet of basalt may have been exposed to 
cooling influences, so that the spheroidal structure could be first 
developed in it, and in the manner suggested, and also so that no 
other spheroidal bodies could be developed in the general body 
of the rock, and thus interfere with the extension of the original 
spheroid, there would not appear much difficulty in following this 
view. In those basaltic dykes that are sufficiently common in 
some districts, where we may suppose that pesmal rll fissure, 
which had been filled by the 
molten rock, presented equal 
cooling conditions, we some- _ 
times see, us in the subjoined , 
section (fig. 138), that the 
prisins shoot out at right angles 
to the walls of the containing 
rock (6c), as if cach set coramiccoed wir SCA and ¢); 
confusion arising at the central portion (a f).* In cases, also, when 








* It somotimes happons thet the central portions of a basaltio dyke are more 
His cho dr, Uo ooling bad bon to rp th sda St thee, 
duction of thisarrangement of parts. Again, the prisms sre sometimos found 
from wall to wall of tho flare, as if artificially-cut prismatic blocks of ruck had been 
piled In is on their sides, 
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not a tree of joints can be observed, us in the annexed section 
(fig, 139), where the columns (ec), are seen to rise at right angles 


Fig. 199, 
« 


WU. 





to the supporting rock (a 4), which may be of any kind, igneous 
or accumulated in water, tho prisms reaching to the height of 100 
feet or more, an original cooling lower plane may have 

the prisms throughout. Also in those curved columns cf’ basalt; 
whore, as in the following sketch (fig. 140), no joints are apparent, 


Fig. 140. 





even upon the weathering of the rock, we may suppose that some 
tendency of an original set of spheroids to develop themselves 
more in one direction than another, from some local cause, has 
been so continued as to produce the general curve observed. 
When the jointing of the prisms is marked, though, no doubt, 
upon the view of Mr. Gregory Watt, the prolongation of additions 
to the radiating arrangement of parts would render the pauses of 
that which would be otherwise con- Fig. 141, 
centric coatings of a spheroidal mass, 
somewhat flat plains, across the 
prisms, so that the annexed struc~ 
tures (fig. 141), might be thereby 
accounted for, facts are occasionally 
seen, where the decomposition of the 
joints would rather point to the production of separate centres 
of radiation. Certain joints of the great bed of priematic basalt. 
which, dipping into the sea, forms the well-known Giant's Cause- 
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vents, which should 
exhibit no tendency to that structure, the Giant's Causeway and 
adjacent district in the north of Iveland will afford the observer 
a good example. The same mixture of prismatic and more solid 
basalt is also to be found in the Island of Staffa, where, as shown 
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way, in the north of Ireland, would seem to countenance such a 


view. These joints are observed to have 
minor pieces, @, a, a, supplemental, as it 
were, to the main joints, filling up corners ; 
giving an idea of each joint having been 
a separate sphere, the minor pieces com- 
pleting the arrangement of particles i in 
the corners, where sphere pressing against 
sphere, these remained to be filled up, 
At times the minor pieces constitute more 
of the whole sharp corners of the pri 
as represented in the annexed (fig. 143), 
OF the intermixture of conditions pro- 
ducing flows of melied rock at one time 
from the same general vent, or system of 
take the prismatic form, and at snother 


Fig. 144, 





in the annexed sketch (ig. 144),* the action of the Atlantic 
breakers has worn out the celebrated Fingul’s Cave. 





* Reduced from Maccullocn’s * Western Islands of Scotland.” 


CHAPTER XXI 


SAISES OR MUD VOLCANOS.—GASEOUS EMANATIONS UNCONNECTED WITH 
VOLCANG#.—TUESULTS OF DECOMPOSING IRON FYWITES AMID BITUMINOUS 
SHALE.—MUD VOLCANOS IN THE BAKU DISTRICT—OF THE NEIGHBOUR 
N0OD OF TAMAN AND KERTCH—OF MACULABA, GIRGENTI.—BORACIC 
ACID LAGUNES OF TUSCANY. 


Mrxerat matter is raised’ from beneath and thrown out upon the 
surface of the ground, and vapours and gases are evolved, the latter 
sometimes inflammable, in a manner which so differs from, or forms a 
modification of, the volcanic action previously noticed, as to merit 
separate attention. Amid the changes effected during the modifica- 
tion of ordinary voleanic action, it may readily happen, as has been 
seen, that aqueous vapours and certain gases alone escape from old 
volcanic vents, and masses of mud may be ejected, as from Tongariro, 
New Zealand (p. 323). In these cases, the guses evolved would tend 
to show the observer the connexion between volcanic ation, such as 
it is manifested, with a very generil resemblance, in 8» many 
situations scattered over the face of the globe, and any localities he 
may be examining; more eapecially if voleanie rocks prevail in 
them. As the subject at present rests, it requires more attention 
than has always been assigned it, inasmuch 9s somewhat similar 
appearances may be brought about by different means, While a 
modification of volcanic action may connect certain of these salses 
or mud volcanos, as they have been termed, with the general 
cause of that action, others may depend upon causes which, 
though producing effects of local importance, could scarcely, as 
regards the crust of the globe, be considered as exerting any great 
geological influence; at the game time, as manifesting alterations. 
in the condition of the matter composing even limited portions 
of the accumulstions on the earth’s surface, they require con- 
sideration, 
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With respect to gaseous emanations, they are not only found so 
connected with voleanic regions, that their origin can searcely be 
doubted ; but also in localities where that action is either not 
apparent, or where other sources may be reasonably assigned them. 
sine Ei mle tema Stare 
which rise in several coal districts; this gas 
ee a ee cee pep desis 

our experience in working collieries shows us that such gases are 
abundantly produced from certain coal beds and associated car- 
bonaceous shales, the result of a decomposition of those bodies by 
which, among other changes, a portion of the constituent carbon 
and hydrogen is evolved in a gaseous state. That fissures, or other 
natural rock channels, should permit the escape of this gas to the 
surface, and that, the causes for its production continuing, it should 
have been known during a long lapse of time, would be 
Emanations of carburetted hydrogen are well known in the coal 
districts of Europe and America. 

When beds of lignite, coal, or shales highly impregnated with 
bituminous matter, can be acted on by heat, so that these sub- 
‘stances may be placed under somewhat of the conditions of the 
coals in a gas-work, we should expect results corresponding with the 
resistance to the escape of the gas which any associated or super- 
incumbent rock-deposits may offer, with the additional force 
exerted by any steam which may be derived from disseminated 
water, the latter sometimes forming no inconsiderable power for 
overcoming jcumbent resistance. In such instances, the 
heat produced by the decomposition of iron pyrites, so often dis- 
seminated amid carbonaceous and bituminous deposits, should 
scarcely be neglected, a sufficient supply of air and water being 





deeper, when, 
considerable noise (Liumboldt, “ Frogmens Asintiques”). ‘This seems good instance 
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effected. Indeed, the “burning,” as it is usually termed, of 
bituminous shales exposed in cliffs," and through which 
composed iron pyrites are disseminated, is sufficient to show that 
this circumstance should receive attention, however exaggerated 
the views taken respecting the effects of such causes may once 
have been, 

The country around Baku, a porton the Caspian, would appear 
instructive, not only as respects the emanation of inflammable gas, 
but also with regard to the production of one class of salses, or mud 
volcanos, ‘That district is described as impregnated with 
and naphtha, to such an extent that the inhabitants of Baku employ 
no other fuel. About ten miles N.E. from the town there are 
many old temples of the Guebres, in each of which inflammable 
gas, burning with a pale flame, and smelling strongl MMe = 
rises in jets from the ground. oT heye det subst bso 
an adjoining hill-side, and the whole country around, for a cireum= 
ference of two miles, is so impregnated with this gas that a hole 
being made in the ground it immediately issues, the inhabitants 
thrusting canes into the earth, through which the gas rises and is 
used in cooking.J It was near Jokmali, to the east of Baku, that, 
on the 27th November, 1827, flame burst out, where flame had. 
not previously been known, rising to a considerable height, for 
three hours, after which it became lowered to three feet, burnt 
for 20 hours, and was then succeeded by an outburst of mud, 

‘ing an area of more than 1,000,000 square feet to the depth: 
of two or three feet.§ Large fragments are mentioned as having 





* The Kimmeridge clay of the Weymouth const, in whicht here is much shale, im 
placos to bituminous as to have been distilled for the bitumen in it, offers from time 
fo time # good example of the “ burning” of # cliff from the decomposition of iron 
arte es ilessinces Sala action of the weather. The heat generated has 

been occasionally so considerable as to fuse some of the clay or shale. 

+ It wonld be expected thnt theso natural jets of inflammable jas would be utilised, 
wherever ascertained to be emitted, by thone to whom a perpetual fire could be of 
Importaace in thelr religious rites, Coptain Beaufort (Karman'a) descriver a Jet of 
inflammable gras, named the Yanar, near Deliktash, on the coast of 
probably once thus used, “Tn the inner corner of a ruinod building, the wall ia 
undermined, 20 a8 to Teare an aperture of three fect in diameter, and shaped like (lie 
mouth of an oven; from thence the flame issues, giving out an intense yet 
producing no smoke on the wall.” ‘Though the wall was seareely discoloured, small 
jumps of caked soot were found In the neck uf the opening. ‘The Yanar ts considered 
to be wory ancient, and possibly the jot deseribod by Pliny. ‘The hill whenee itieues 
is formed of crumbling serpentine and loose blocks of limestone, A short-distanoe 
down it there is another aperture, whence, from its appearance, another Jet of asimilnr 
kind Is inferred once to have risen, 

“Edinburgh Philosophical Journal,” vol. vi. 

§ Humboldt,  Fragmens Asintiques,” 
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been thrown out and hurled around.* A column of flame rose so 
high at m eruption near Baklichli, west of Baku, that it could be 
seen at the distance of 24 miles. The country is considered to 
afford other traces of similar eruptions, 

While these eruptions have taken place near Baku, on the east 
of the Caucasus, similar outbursts of flame and mud have occurred, 
under similar circumstances, in the neighbourhood of Taman and 
Kertch, at the western extremity of the same mange. These have y 
been long known, and taking place in an area which comprises the 
Cimmerian Bosphorus, where the Sea of Azof communicates 
through a shallow channel with the Black Sea, they become im- 
portant in effecting surface changes, tending still further to close 
this channel upon the outflow of the river waters poured into the 
Sea of Azof, chiefly by the Don and its tributaries, and not evapo- 
rated in it. These salses, or mud volcanos, are found on both 
sides of the strait, and are situated, like those of Baku, in a dis- 
trict replete with bituminous matter. M. Dubois de 
gives sections showing the area to be principally composed of a 
highly-bituminous (tertiary) shale, sometimes with lignite, alter- | 
nating with sands. From these bituminous beds asphalte is pre- 
pared, and there is evidently much bituminous matter, including 
naphtha, disseminated in its various forms; indeed, naphtha | 
springs are mentioned as rising near the crater-cavity of Khouter, 
In some situations the salses scem to have vomited forth lameand =~ 
mud from the same spots at different times, at others these sud- 
denly rise from places not previously known.t ‘Tho gases evolved 
from the ealses at Baku, Taman, and Kortch, and from the 
vicinity of Tiflis, where similar facts are noticed, chiefly consist, 
(Dr. Abich, who has personally examined them, informs me), of 
carburetted hydrogen, an important circumstance connected with 


* Humboldt, “ Kosmos,"—Mnd Volcanos, 

+ Dubois do Montpéreux (Voyage autour du Caucase, 1. MA ‘mentions, 
these mud volcanos, that Koukou-oba was in eruption in Pebruary, 1794; 
‘Koussou-oba on the 26th April, 1818; that the chief eruption of Gnila-gora, near 
‘Temrouk, was in February, 1815; that an island appeared in front of the Isle of | 
‘Pyrambe, on the 10th May, 18145 se Ha He rene oe mea oe en 

‘greater state of notivity than in April, 1835. He comments on these eruptions havi 
ocourred at one time of the year, remarking, with Pallas, that the nal roan 
eruption was on the Sth Septombor, 179%, when the first {sland wns thrown 

up.» In the Geological Atias ies sabes He Deh Nee Cauease,” there 
is a plan (pl. xxvi.) in which the various sulses sud febaoos Tans naar 








shales 
dering the Sen of Azof. 
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their origin. M. Dubois de mentions the emission of 
sul) hy when the mud of Khouter was disturbed, 


strata, 

‘The mud voleanos of Maculaba, near Girgenti, whence mud and 
bituminous matter are thrown out, Dr. Daubeny attributes to the 
combustion of the beds of sulphur there associated with the blue 
clays, amid which these mud eruptions take placet He usoer- 
tained that the gases given off consisted of carbonic acid and car= 
buretted hydrogen. At the time of his visit the cavities were 
small and filled with water, somewhat above the usual tem) 
of that in the country, mixed with mud and bitumen, through 
which the gases bubbled up. Dr. Daubeny refers similar pheno~ 
mena at Terrapilata, near Caltanisetta, and at Misterbianco, neas 
Catania, to the same causes, 

To ascertain how far such sulses or mud volcanos may arise 
from other than strictly volcanic causes, or be merely some sccond- 
ary effects produced by them, it becomes very desirable not only 
that the geological structure of the country should be well ex- 
amined, but also that the guses evolved should be very carefully 
ascertained. According to Humboldt and M. Parrot, almost pure 
nitrogen is found among the gases evolved from the mud volcanos 
of the peninsula of Taman, and the former mentions h; 
mixed with naphtha as emitted from salses of this kind. The stones 





* * Balletin de la Soc, Géol, de France.” 

$ “Description of Volcanos.” Alluding to the combustion of the sulphur, Dr, 
Daubony remarks, that “the sulphurous acid being retained by the moisture of the 
rock, and gradwaily converted into sulphuric acid, would nct upon the ealearcom 
particles, and give rise to tho extrication of carbonic acid gis, whilst if any bituminous 
mnattors were present, the heat generated might canse n slow decomposition, and resalye 
them into petroleum and carburetted hydrogen,” p. 267. 

£ It is sated thnt at times “the mud bas been known to be thrown up to the height 
of 200 feet, accompanied by n strong odour of sulphur."—Daubeny, # Voleanos," p. 206, 
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mentioned by Sir Roderick Murchison* as ejected in the Taman 
Leura era eect ie tc 
he infers an action more deep-seated than the combustion of 
the bituminous beds amid which the salses are found, one of a 
more true voleanic kind. 

Naphthaand the thicker bitumens are at present so scattered over 
various parts of the world, that though certain localities may abound 
with them more than others, they appear to show little beyond the 
conversion of some organic matter, accumulated under variable 


conditions, into that form.f Inflammable gases have also been ~ 


found evolved from the earth, not only in connexion with bitu- 
minous and coal deposits, but under other circumstances, where no 
volcanic action is required for their production, as, for example, at 
the salt-mines at Gottesgube, at Reine, in the county of Tecklen- 
berg, and from borings for salt in America,§ and China.| 

With regard to the rise of boracic acid with the steam at the 
lagunes near Volterra, in central Italy, accompanied by carbonic 
acid and sulphuretted hydrogen, it has been referred to volcanic 
action beneath the rocks in which the lagunes are situated."| That 
great heat exists beneath is certain, but how far this heat may now 
be considered volcanic and distinct from a more general dispersion 





“ Geology of Russia ia Kurope and the Ural," vol. by p: 576. 
"apr ger ha epainteertngeh (air 
a tng nee of Cin ‘pointing to the long duration of the needful conditions. 
—s to Dr. Holland (*‘fravels in the Ionian Isles, Albania," ko,,) py 
troleum springs of Zanto aro i the same state as when described by Herodotus fe 
pitch lake of ‘Trinidad is a good cxample of a considerable collection of the mare solid 
Ditumens, Itis estimated at about three miles in clroumference, though its exact 
boundaries are diffcult to trace, in consequence of the soil which covers parts of ity 
from which crops of tropical productions are obtained. (Nugent, Geol. Trans, 
vol) Acconting to Captain Alexander (Edinburgh Phil. Journal, January, 183), 
masses of thin pitch advance into the sea at Pointe la Braye, The same author notices 
sn ausomblage of snes oF mad voleanos at Pointe du Cue, 40 miles southward from 


f tho mines, or Uting end cooking, belng conveyed to the houses by plpex, 
f Sts ertng tor sole at Rocky HIN, tn Dhl ak Ret a ees 
full after thay bed driven to the depth of 197 foot. Salt water 

forth, and was fucceeded by a considerable outburst cae ee 
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of an elevated temperature beneath the surface of the ground, more 
intense at some points than at others, seems not so certain, The 
boracic acid is found in combination with ammonia, as well as free, 
and Dr. Daubeny remarks that its presence in the steam may arise 
from the aqueous vapour passing over this substance, and carrying 
it upwards in mechanical suspension, as steam, by experiment, has 
been found capable of effecting.* 





© By employing the heat of the superabundant vapour, the water collected in 
artificial ponds is sufficiently evaporated to dispense with fuel, and the boracic acid 
obtained at small cost. These Iagunes furnish about 1,650,000 Ibe. of boracic acid 
‘annually, sufficient, when purified and mixed with sods, forming borax, nearly for 
the supply of Europe—Daubeny, “ Volcanos,” p. 156. 


CHAPTER XXII. 


EARTHQUAKES,—CONNEXION OF “VOLCANOS AND KARTHQUAKES.—-EXTENT 
OF KAMTHQUAKES—MOVEMENT OF ‘THY KARTH-WAVE DURING KARTI- 
QUAKES.—SEA-WAVES PLODUCED DURING EARTHQUAKES.—COMPLICATED 
TRANSMISSION OF RARTHQUARE WAVES — UNEQUAL, TRANSMISSION OF 
EARTHQUAKES, — LOCALLY EXTENDED RANGE OF EARTHQUAKES, — 
EARTUQUAKES TRAVERSING MOUNTAIN CHAINS. — FISSURES PRODUCED 
DURING KARTHQUAKES,—SETTLEMENT OF UNCONSOLIDATED BEDS ADJOIN= 
ING HAMD MOCKS DURING EARTHQUAKES.— NKRAKING OF OREAT SRA- 
WAVE, OF EARTHQUAKES, ON COASTS,—EFFECTS OF EARTHQUAKES ON 
LAKES AND RIVERS,—FLAME AND VAPOUR FROM EARTHQUAKE FISSURES, 
SOUNDS ACCOMPANYING EARTHQUAKES.—ELEVATION AND DEPRINSION 
OF LAND DURING KAUTHQAKES—cOAsT OF CHILE RAISED DURING BARTH- 
QUAKES,—EFPECTS OF EARTHQUAKES IN THE RUNN OF CUTCE. 


Ir has been seen that prior to, and sometimes during voleanic 
eruptions, the country in the vicinity has been disturbed by vibra- 
tions, as if from time to time certain resistances to voleanic forces 
were suddenly overcome. The rending of rocks by fissures, such 
as have been previously noticed, could scarcely but produce vibra- 
tions, supposing the needful tension and cohesion of parts. It is 
by no means required that these fissures should always rise to the 
surface of the ground; indeed, in many volcanic accumulations, 
the rents formed, and subsequently filled with molten rock, are 
observed to terminate before they reach it. From the absence of 
the proper cohesion of parts amid great masses of ashes and cinders, 
these may so yield, that though a fissure might be suddenly pro- 
duced in more solid matter beneath them, they could adjust them- 
selves above in a very general manner over its upward termination, 

Tt would be anticipated that, all other things being equal, vibra- 
tions of the ground around voleanos would be more intense after a 
vent had long been closed and dormant, so that time for the con- 
solidution of tuff beds had elapsed, the whole well braced together 
by lava streams of various dimensions, than when the vent was 
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still open, the volcano active, and the ashes and cinders inco~ 
herent, It may also be inferred that a certain thickness of trachyte, 
dolerite, last, Yok oo:eme eye 
joints, would offer greater resistance to any given volcanic force 
employed than tuff beds, unless these were so changed and eon- 
solidated as to assume the character of palayonite, or others of that 
class, Again, different effects would be expected from the resist 
ance of intermingled sheets of tuff and rocks which had been in 
fusion, such as those described as occurring in the Val del Bove, 
Ema, and where similar substances are mixed, as narrow lava 
streams and irregular piles of matter, in both cases prior fissures, 
more or less filled by dykes of lava, considerably modifying the 
effects produced, 

A connexion has often been inferred to exist between voleanic 
eruptions and vibrations of the ground at distances far beyond the 
immediate vicinity of the former, as if the voleanos were great 
safety-valves, through which, under ordinary circumstances, a 
certain amount of foree escaped, mere local disturbances being 
thereby produced; while at others, from the overloading of the 
valves, or a greater exertion of power, larger portions of the earth's 
erust were shaken. Without including dormant or extinct vol= 
canoe, active vents are so widely dispersed over different parts off 
the world, that considerable areas may readily be disturbed by 
vibrations more or less depending upon general conditions, of 
which the discharge of molten rock, vapours, and gases, at cer 
tain points, is only one of the effects thereby produced. Hence, 
as respects this mode of viewing the subject, volcanic eruptions 
and earthquakes may be intimately connected, volcanic eruptions 
being equally regarded in the same general manner, and other 
adjustments of the earth’s surface included, by which great fissures 
have been formed, and huge masses of rocks squeezed, broken, 
and thrust up into great ridges and mounds of' varied forms and 
magnitude, 

Many instances are given of the inferred connexion between 
earthquakes and voleanic eruptions, as, for example, the sudden 

of smoke in the volcano of Pasto, when the 
of Quito, 192 miles distant, was so violently shaken by the great 
earthquake of Riobamba, on the 4th of February, 1797, and the 
sudden tranquillity of Stromboli from its otherwise constantactivity, 
during the great carthquake in Calabria, in 1783, As we are 
quite assured that in minor areas there is often much vibration of 
the ground prior to such eruptions, and that subsequently to them 
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tranquillity is restored, at least for a time, un observer would be 
led to inquire how far such apparent causes and effects may be 
extended. Herein caution is much needed, so that, from a pre- 
conceived opinion, accidental circumstances may not have an undue 
value assigned them, some of the inferences drawn 

the immediate connexion between given earthquakes and the 
eruptions from certain voleanos being scarcely borne out by the 
facts adduced. 

‘It would be anticipated that in regions of voleanos, such as those 
of South America, great vibrations of the ground should be ex- 
perienced, these vibrations extending to variable distances, not only 
according to their intensity, but also to the kinds of rocks through 
which they are transmitted. In certain regions earthquakes are 
sometimes of such frequent occurrence, that except when of 
particular intensity they are so little regarded, that these, and 
similarly circumstanced portions of the earth's surface, may be con- 
sidered in a more unstable state than others, The great earthquake 
of Chili, in 1835, was merely one of a more intense kind in a 
district often shaken by such vibrations, It is described as having 
been felt from Copiapo to Chiloe in one direction, and from 
Mendom to Juan Fernandez in another; und the voleanos of that 
part of the Andes are noticed as having been in an unusual stute 
of activity immediately prior to, during, and subsequent to it. In 
# previous earthquake (1822) the same region of South America 
was shaken through a distance, from north to south, of about 
1,200 miles, 

With respect to the areas actually disturbed by earthqualces, as 
waves are ncecssarily raised by them in the sea adjoining the lands 
shaken, or by the vibration of the rocks beneath it, attention has to 
be directed as to the amount of dry land moved, and the extent to 
which any adjoining portion of the sea-bottom may have been 
simultaneously shaken, Tor instance, this has to be done with 
the great earthquake of Lisbon, the area disturbed being repre- 
sented as spread over a large portion of the Northern Atlantic, and 
comprising a part of North America, with some of the West India 
Telands (Antigua, Barbadoes, and Martinique) on the one side, 
and a part of Northern Africa and a large portion of Western 
Europe on the other, In such a case the extent to which the 
‘sea-wave produced by earthquakes may have been propagated, has 
to be well considered. The known amount of dry land shaken 


* Sir Charles Lyell (Principles of Geology, 7th edit,, p. 444), calls attention to the 
great Lishon shock, as having como in from the ocean, remarking that “a line drawa 


— 








As respects earthquakes, the transmission of the vibrations hag 
to be regarded with especial reference to the kind of substances 
through which an earthquake-wave may have topass, so that, even, 
for illustration, assuming the impulses given to be equal, the 


ares oy srg peapieprameat 
and land.” At the same time, he admits that the truth of this 
view has not yet been fully and experimentally demonstrated. 
The movement of the great carth-wavet is commonly classed as 
undulatory or vertical, as the ground may be observed to roll 
onward in a given direction, or simply rise and full in a nearly 
perpendicular manner. ‘We have descriptions, in the one case, of 
the surface of the ground moving in a wave-like manner, and in 
the other, of a mere sudden tise and fall, os far as regards a parti- 
cular locality. Of the latter the great earthquake experienced at 
Riobamba, in 1797, would appear an excellent example, many 
bodies of the inhabitants having, according to Humboldt, been 
hurled to a height of several hundred feet on the hill of La Cullea, 
beyond the amall river of Lican.t We may readily infer thot these 
two classes of earthquake movements are only modifications of the 


through the Grecian Archipelago, the volcanic region of Southern Italy, aes, 
Southern Spain, and Portugal, will, if prolonged westward through the mien 

the voleanic ip of the Azores ;” hence inferring, as probable, their submarine 
connection with the European line, 

* Mr. Mallet (Naval Manual of Selentific Enquiry, Art, Rarthquakes, p. 197), 
tn order to illustrate the transmission of waves through different materials, supposes & 
‘person to stand upon a line of railway, near the ral, and that e hears blow be stead 
upon the latter » few hundred feet distant, will,” Dr, Mallet remarks, “almost 
instantly hear the wave through the iron rail ; directly after ho will foel another ware 
through the ground on whioh he stands; and, lagdy, he will hear another wave 

the alr; and if there wero» deep sidedtraln to the rallway, a person Immersed. 
in the water would hear « wave of sound throwgh jt, the rate of transit of which 
‘would be differont from any of the others—all these starting from the sume point at 
‘the same time.” 

+ (Admiralty Manual of Scientific Enquiry, rt, Rarthquakes).—Mr. Mallot 
defines the “ great earth-wave" as tho “ true shock, « real roll or undulation of the 
es travelling with immense velocity outwards in every direction from the centre 
‘of impulse.” 

1“ Kosmos," Art. Farthquakes, 
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Crag ae that while a spot, such as the town of Richamba, 

over that where the impulse was given, 
thea be lifted suddenly upwards, the same shock would appear 
to travel outwards to various distances around, in the manner, a8 
often noticed, of’ waves on the surfice of water into which a atone 
has been cast. 

With respect to the vorticose movement, which has been often 
regarded as another class of earthquake motion, we may also, with 
Mr. Mallet, consider it as only a modification of the same kind of 
shock, With regard to the two obelisks at the Convent of St. 
Bruno, at Stefano del Bosco, the stones of which were twisted on 
4 vertical axis in a similar manner, without falling, during the 
great Calabrian earthquake of 1783," and inferred well to illustrate 
this movement, Mr. Mallet has shown, that this, and other cases 
of a similar kind, may be explained by the transmission of the 
ordinary shock, under a modification of circumstances by which 
the rectilinear ig converted into a curvilinear motion.t In the 
same manner, when the complicated structure of some part of the 
earth's surfuce is considered, particularly where igneous rocks have 
been extended among, or otherwise much intermingled with, other 
accumulations, the observer may have reason to infer that, during 
the transmission of an carthquake-wave, the various parts of the 
whole may sometimes be so circumstanced, that a kind of twist 
may be locally given to considerable masses. 

Taking the great earth-wave as the base of all the movements, 
however modified this may be according to conditions, the waters 
of seas, lakes, or rivers, resting or flowing upon the solid crust of 
the globe, will have the shock communicated to them. When we 
look at the present distribution of land and sea, and consider 
carthquakes in their generality, these are quite as likely, if not 
more 0, to have been produced by impulses received beneath 
of the great ocean as beneath dry land. As the rate at which the 
earth-wave would travel, under such circumstances, would be 
greater than that at which the vibration transmitted to the water 
would proceed, two waves, as Mr. Mallet has pointed out, will 
result. One will arise from the vibration along the surface of the 

* Figures and descriptions of these obelisks are given by Sir Charles Lyell in his 
« Principles of Geology," and in Dr. Daubeny’s “ Description of Voleanos,” tnleon 
from the ‘Transactions of the Royal Academy of Naples. 

+ Mr, Mallet remarks (Admiralty Manual of Scientific Enquiry, Art, Earthquakes), 
that this motion arises from te entre of gravity f he body yin t om le 
Uvody rey In whieh the whole Adverts, by fiction of cement ef the aly tos 
sesh mn! ta mba ef a 
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ground, in contact with the bottom of the superincumbent water, 
and becoming apparent in shallow water ; the other from the 
heaping up of the water above a vertical uprise of the sea-bottom, 
such ag we may suppose given i Riobauba, 3 in 1797, had been 
beneath the sea. The first is named by Mr. Mallet, the * forced 
zea-wave,” seen when the shock or earth-wave pastes beneath or 
into shallow water, whether the carthquuke travels from seaward 
inland or the reverse: the second he terms the “ great sea-wave.” 

The geological importance of the “ forced sen-wave,” would 
seem much to depend upon the distance at which any shore or 
shallow water may be from the spot where a chief vertical move- 
ment, either inland or beneath the sea, has been “given, If this 
were in the ocean far distant from the land, or shallow water, the 
movement communicated to the sea would be small, a8 also if the 
shock came from the dry land with little intensity, either from the 
original impulse having been unimportant, or of its force being 
nearly expended. Should, however, the vertical movement of the 
earth-wave be close to a coast, whether on the sea or land side, or 
beneath shallow water, then the ** forced sea-wave” may merge in 
the ** great sca-wave,” sufficient distance not existing w permit 
much distinction. The one wave would provede the other under 
ordinary conditions, the “great sea-wave” throwing huge masses 
of water upon the land, mechanically disturbing sea-bottoms too 
great extent, and often producing effects of considerable 
importance. As Mr, Mallet has remarked, while a “great sea~ 
wave” may be 80 broad and low in decp water as not to be 
observed in the open ocean, it could break with great force on 
a coast or in shallow water. 

Tt will be convenient, as has been pointed out by Mr. Mallet, 
so to classify observations on earthquakes, that things 
may be separated from those which are material, Unfortunately, 
ua has been remarked by Sir Charles Lyell,* it is only in com- 
pamtively recent times that earthquake phenomena have been 
studied with reference to their real geological bearing, accounts of 
the lives and properties destroyed, with now and then @ notice of 
a new lake or island produced at the time, having chiefly occupied 
attention. Whatever may cause the shock, whether from a portion 
of the earth being suddenly thrown into motion, without violent 
Tupture, viewing the subject on the large scale, or from sudden 
and violent fracture, we have to consider not only the depth 
beneath the surface, where the impulse may be given, but also the 


* “ Principles of Geology,” 7th edit., p. 431. 
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mineral masses through which the waves have to be transmitted, 
both as regards the kind and relative position of those masses. 
During violent volcanic eruptions, when, as for instance, in that 
of Tomboro, in Sumbawa, on the 5th April, 1815, the detonations 
were heard as far as 970 miles, and with such distinctness, and so 
loud at Macassar, 217 miles distant, that a vessel of war was sent 
out with troops in search of supposed pirates engaged in the 
neighbourhood ; it may be assumed that vibrations of the earth 
would radiate around, as from any point, a, in the annexed plan 
(fig. 145), which may represent any istrict having such a centre 


me HLS 
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of disturbance. Assuming i roar of any great voleanic eruption, 
such as that at Tomboro, to arise from the violent discharge of the 
vapours, gases, cinders, and ashes through the crater, the vibra~ 
tions thereby produced in the adjacent mineral accumulations 
would be felt more or less horizontally, according to the variable 
composition and solidity of the substances shaken. Should the 
cause of the earthquake-waves be deep seated, the vibrations on 
the surface would correspond with the mdiation of the waves from 
their centre of origin, so that there would be a point where the 
shock would be felt vertically.* If 2 ¢ (lig. 146) be supposed a 
Fig. 146, 


* The great Lisbon earthquake of 1795, felt so severely around « space near that 
city, hs been considered a good example of « radiating earthquake with a yie 
source. ‘The earthquake of 1828, experienced in the Netherlands asd Rhenish 
Provinces, is inferred to have boen radiating, though tess deeply seated. The area 


the grest Calabrian oarthquake of 1783, also considered somewhat central, Dr. Daubeny 
romarks (Description of Voleanos, 2nd edit., p. 515), after mentioning certain move- 

inouts noticed, that such earthquates may have * tho impelling force situated along a 
particular ling of eyuntry, although at the points at which it is exerted in its greatest 
intensity, the vibrations are propagated with grentee oF ot vivtonco in nil directions 
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section of part of the earth’s crust, and @ s point in curve, 250 
miles beneath the surface, where an impulse is given producing 
carthquake-wayes, these would strive to radiate around, so far as 
resistances or facilitics would permit, in spherical shells If the 
substance through which the wave passed was homogeneous, as, 
for example, « piece of iron, the wave would first traverse the 
distance a ¢, then a d, a f, and a g, in succession, the shock 
being felt most vertically as regards the surface of the iron at ¢ 
and more laterally at f, and most so as regards the section, at g- 
Geological investigations show us that the composition, state of 
solidification, and mode of accumulation of the mineral substances, 
forming so much of the earth’s surface as we have the power of 
examining, are very variable. Hence, if in the foregoing section, 
instead of a homogeneous body, we suppose a great mass of mineral 
matter, granite for example, supporting two accumulations, one at 
4, arranged in beds of « hard coherent substance, such as compact 
limestone, and another at ¢, formed of strata slightly cemented, or 
loose sand and pebbles it will be seen that the shock striking at 
f might be transmitted readily along the planes of the limestone 
beds, while, though the shock would strike the loose accumulations 
at ¢ more laterally, the wave might be there more complicated 
from the want of sufficient coherence of parts. 

Numerous modifications of the arrangements above noticed will 
readily suggest themselves, more particularly as regards the inter 

tuptions to the course of earthquake-waves by contorted and 
variably-intermingled masses of solid and loosely-aggregated rocks 
i mountainous districts, by the long wide-spread sheets of inter- 
stratified and dissimilar substances in some regions, by the fractures 
and alterations of mineral masses in others, and by the mixture of 
active volcanic districts with those of very different origin. It 
would be inferred that, on the minor scale, a shock may be modi- 
fied in apparent direction and intensity when felt amid horizontal, 
or nearly horizontal beds, composed of different rocks, such as in 
the following plan (fig, 147), where f may represent a limestone, 

Fig. 147. 
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Saithy BN hada, and ¢ i a conglomerate, resting in a 
Gough-shaped cavity, us shown in the annexed eoction (fig. 148) 
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of the same piece of country, formed of hard slates and limestones, 
which bad, proviously to the deposit of the first-named beds, been 
Fig. 148, 
di deeh he 4 lt 








thrown into a vertical position. Taking the shock to pass in the 
direction a 6, it could easily traverse the line of vertical rocks 
beneath in that direction, while both the duration and intensity 
may be found modified in any town situated upon the central 
limestone, perhaps a stripe many miles in length, joining finally 
with a considerable sheet of the same substance, It sometimes 
happens that earthquakes do not affect certain upper beds, while 
the shock is continued beneath and transmitted onwards. Hum- 
boldt states, that such upper strata, rarely if ever shaken, are by 
the Peruvians tormed dyidgea.® 

Careful observation shows that shocks are more readily trans- 
mitted in certain lines in particular localities than others, much 
necessurily depending on the dircotion, cither vertically or late- 
tally, from whence these vibrations come, the minor adjustment of 
parts so lost occasionally amid the whole mass shaken, as not to be 
very readily appreciated. This could scarcely otherwise than 
happen when the source of the shocks remains for any length of 
time sufficiently fixed, and the relative position and structure of 
the rocks composing a region, continue unaltered Changes in 
this arrangement have been noticed even within the last 60 years, 
sufficient to show that, either from local modifications in the causes 
of earthquakes, or in their effects, adjustments of this kind may 
become permanently altered. Humboldt mentions that since the 
destruction of Cumana, on the 14th of December, 1797, the range 
* “Koxnog” (Barthquakes). omarking on this elronmatance, Humboldt observes 


‘CNotes), that these local interruptions to the transmission of the shook the 
som analogous to the remarkable phenomenon which took place in the 








p56. 
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of earthquake vibration in St i kn Se 
shock has since that time extended to the 


to north, up the valleys of the Mississippi, 
Ohio, between 1811 and 1813, as showing that the subterranean 
obstacles to the propagation of the earthquake waves had been as 


gradually removed.* 

When earthquake-waves traverse mountain chains, as they have 
been known oh potas cute onal eeeas 
position of such mountains requires much attention. If merely long 
ridges of a homogeneous rock, such as ie or the ee 
as in the subjoined section (fig. 149), Second Yoon pans 
aqueous accumulations, ¢ and a, carpal ware onl 

Fig. 149, 






be transmitted across the ridges a and 4 from e to f, in preference 
to lines corresponding with them, should this be the general diree~ 
tion of the wave in accordance to the impulse given. In i 
the transmission of'an earthquake-wave through any portion of the 
earth's crust, the observer will thus have, as it were, to dissect the 
portion shaken, endeavouring to separate the minor from the 
major effects, duly weighing the probability of the undulation 
passing through, or along such mountain chains ag the Alps, Andes, 
and Himalaya, according to the depth of its cause. He has also 
to see if the shocks experienced along great lines, 
with those of accumulations, however contorted and broken these 
are, may be merely regarded as subordinate to a major motion, 
modified according to conditions, or be conformable to the 
runge of the earthquake-waye, regarded with reference to the total 
mass shaken.| ‘The rocks of the same region may be differently 
"3" Kosmos," drt.Rarthquker 
t As regards the range of carthquake-waves along or across mountain chains, 
Hamnboldt remarks (Kosmos, Art. Earthquakes), after adverting to mountains trans: 
itting shocks In lines corresponding with the walls of the fissures along which they 
may be suivo, Ut carthquake-waves sometiines “ intersect several ehalne alist ak 
right angles; an examplo of which occurs in South Amerion, where they cross bath: 
the lttoral chain of Venesuela and the Slers Parime. In Asta shor of 
1633), nsrows the shan ott Hindoo Coosh, as far as Badalschan, ae Doser 
and even to Bokhars.” As regards earthquake-waves traversing mountain 


Dr, Daubeny (Description of Yoleanos, 2ud edit., p. 916) quotes also that ef 
which crossed the Apennines from Voghera, by Bochetia, to Genon. 
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affected if the wave be propagated from a great depth, than when 
the undulation has been produced by a less deop-scated cause, 
‘The transmission of the wave amid them might, in the first case, 
be a-mere modification of some great movement, common, as in 
the Lisbon earthquake, to a large portion of the earth’s crust, 
while in the second the same rocks may be directly acted upon in 
the first instance. Hence the importance of observations as to how 
far, during any given earthquake, particular districts, even great 
mountain ranges, may be considered to transmit a primary wave, 
or some modification of it. 

As the earthquake-wave would pass with different velocities 
through different rocks,* it would follow that while the particles 
may so yield in some that fracture may not be produced, cracks 
and dislocations could be effected in others, Even in the simple 
arrangement of sheets of the one class above the other, the whole 
acted on laterally by an earthquake-wave, one set of rocks may be 
dislocated, the other returning to its original state, in the same 
manner as if the observer were to cover a sheet of copper with 
plaster of Paris, and throw both into vibration, when the latter 
would be broken, while the copper remained sound. It is easy to 
coneeive, independently of the different conditions of the upper to 
the lower beds of rock, composing a series of horizontal or nearly 
horizontal deposits, as regards difference of pressure upon them, 
that the lower may be, from hest beneath, not in so fragile a state 
as those above, and be capable of more ready vibration without 
fracture. Thus many cracks and fissures may be made, not 
penetrating to great depths, and yet extending sufficiently beneath 
the surface to permit the ejection of water, mud, sand, or other 
easily-expelled body, out of them, and some of these may again 
so close as to envelope any substances which may haye fallen into 
them, while others continue permanently open, the new adjustment 
of parts produced by the carthquake-wave not permitting a perfect 
return to the old conditions. Of such fissures formed during 
earthquakes there is abundant evidence, their forms very variable, 
as would be anticipated from the complicated rock accumulations 
frequently shaken, their complexity of structure often concealed 
by coverings of deposits, perhaps only u few hundred feet thick, 

oa neh pedro ornare tnprg pen ne 

)) that “an erroneous notion of the dimensions of the must 





mounds of adjustment, would be anticipated, and is on record. 
During the great earthquake of Calabria, in 1783, this seems to 
have occurred to considerable extent. In the great Jamaica earth- 
quake of 1692, this shaking off, as it were, of loose materials, 
appears to have produced the “swallowing up,” as it has been 
termed, of Port Royal. Documents which have been 
fortunately show that the part of that town which then di 
was built upon sands accumulated against and around a rock, 
which, though shaken by the earthquake, retained its place as 
respects the level of the adjoining sea. ‘The darkly-shaded parts, 


P and ©, in the annexed plan (fig. 150), represent those which 








* Circular eavities were formed in the plains of Calabria during the earthquake of 
1783. ‘They are described as commonly of the size of carringe- wheels, xometines 
filled with water, more frequently by sand, Water appears to have spouted through 
them. (Lycll’s Principles of Goology, where a view and section of these cavities are 
given), During the earthquake of 1820, in Mercia, numerous «mall ciroular; 
were formed in a plain near the sea, whence black mud, salt water, and marine shells 
wore ejected. (Lycll’s Principles, and Perussac’s Bulletin, 1829.) After the earth= 
quake of 1209 at the Cape of Good Hope, the sandy surface of Blauweberg’s Valley 
‘was studded with circular cavities, varying from six inches to three feet in diameter, 
and from four inches to a footanda half indepth. Jots of coloured water are stated 
to have becn thrown out of these holes during the earthquake to the helght of skx 
fect. (Phil. Magasine, 1830.) During the Chill beriag aries 1822, sands were 
malsed up in cones, many of which were truncated, with in their centres. — 
Journal of Science, 
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remained standing after this earthquake, and are considered to be 
based on a white compact limestone, common in that part of 
Jamaica. a, a, @, a, and L form the boundary of Port Royal prior 
to the earthquake; N, N,N, the restoration by sand, drifted by 
prevalent breaker and wind action, at the close of the last century, 
and I, I, L, and H, subsequent additions effected by a continuance 
of the same causes to about the first quarter of the present con- 
tury.* The settlement of the loose sand, combined with the - 
sea-wave caused by the earthquake, appears to have produced all 
the effects observed during this earthquake at Port Royal, no 
mention being made, amid the details extant, of any permanent 
change in the relative level of the sea and the part of the town 
preserved.t 

In like manner landslips take place on the sides of mountains 
and from sea-cliffs during earthquakes, some often of considerable 
magnitude. When the numerous slipe of this kind which occur in 
mountainous and even hilly districts and along coasts are considered, 
as well as the frequent full of rocks from the effects of ordinary 
atmospheri¢ influences, it could scarcely otherwise than happen 
that when such districts are violently shaken, settlements of varied 
kinds are effected. Looking at the sources of springs, and especially 
of those which rise through joints and fissures, that these should be 
disturbed, and that matter should be subsequently thrown out 
mechanically suspended in the water, would also be anticipated. 

The “ great sea-wave” produced by earthquakes, sometimes 





* There mre documents to show tho rato at which the long stripe of sands, known 
ns the Palisades, was prolonged, #0 as to Join the mainland of Jamalea with the 
ground on which Port Hoyal is bullt. From the evidence of Captain Wala, who 
accompanied Penn and Venables to Jamaica in 1655, it appears that the sands of the 
Palisades (the drift of the prevalent winds and breakers, ns noticed In the text) were 
separated from the town by a narrow ridgo of sand just appearing above water, nn 
socumulation within about 17 years, for at that time Port Koyal formed an island, 
Prior to tho earthquake the junction was complete, as represented on the plan, 

+ Heavy brick houses were built on the sand; and it istnted (Philosophical ‘Trans 
notions, 1694), that “the ground gave way as far as the houses stood, and no further, 
part of the fort and the Palisades on the other end of tho houses standing.” Sir Hans 
Sloane sayy, “The whole neck of land being sandy (exsepting the fort, which wna 
bul ck, nt) on wih he own wa ule an the sad apy Bs 
Palisades and wharts, under which was doop water, when the sand 
Siang th rth tw ni ntl anc pig yh ary 

and tho foundations yielding, the: rosie part of the town fil, goat nambon of ii 


Tirwe fathoms covered with water” Long (llstery of Jemales) nye, “The welght of 
to many largebrick houses was Juatly imagined to contrbute in 8 great mene, to 


stood, and no further.” sy cages arate arpa 
‘at Port Royal, prior to 1815, ainong the descendants of the carly sotthers, that the great | 
daunage wan penlvcod by tho slipog of tho ad during the earthquake, 
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aids materially in the modification of the coasts shaken, 
and transporting before it masses of matter which could not be 


ly 

rishn ouahenalerrametiama Fite rnc: f 
endeavouring to escape from them. In the Jamaica 
1692, “a heavy rolling sea” followed the shock wt Pont Boga, 
and the ‘Swan’ frigate, which was by the wharf, careening, was 
borne by it over the tops of houses, and some hundreds of persons 
escaped by clinging to her, ‘The sea-wave of the Lisbon earth- 
quake of 1755 rose to the height of 40 feet in the Tagus, leaving 
the bar dry as it rolled inwards, followed by others, | each oa in 
importance, until the water again returned to its 
‘The sea-wave of the same shock ‘wus 60 fect high at Cadis, 18 feok 
at Madeira, and, under modified conditions, was felt on the consts 
of Great Britain and Ireland, rising 8 to 10 feet om the coust of 
Cornwall. The shock was experienced at sea so severely, that 
vessels were thought to have struck the ground, and it is worthy 
of remark, as regarde the locality over which the “ great sea-wave”” 
may bave bad its origin, that on board a ship 120 miles west of 
St. Vincent, the men on deck were violently thrown "perpen- 
dicularly upwards to the height of a foot and a half* ‘The eoasts 
of Chilit and Peru have suffered from similar waves; and in the 
great Calabrian earthquake of 1783 the shore of Scilla was in- 
undated by one rushing 20 feet high over the low grounds. Such 
waves are, indecd, sufficiently common, though seldom prominently 
noticed unless productive of considerable effects. The sudden rise 
and fall of the sea observed in so many harbours of the world, as 
well in tidal as tideless seas, evidently independent of the tides in 
the former and not due to wind-wave undulations prolonged to the 
shores, often seem little else than the continuation of these waves 
reaching coasts where the earthquake itself has not been noticed. 

While the earthquake movement is thus communicated to the 
waters of the ocean, minor volumes of water, even small lakes and 
rivers of all kinds, cannot be otherwise than more or less affected 
by it, According to the form of the bottom, situation as regards 

+ us Pails of Calor Th ew 78 7th edit. p. 478), 
the destruction of the anclont town of Conception (called Peneo), in 1791, am 


quake sea-wave rolling over it, that “a serios of similar catastrophes bas alto been 


traced back as far ax the year 160," including ene In 179). In 1835, the town aloo. 
oulfered from 9 great sa-wave.” 
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the range of the shock, and size of the Inkes and enclosed seas, 
the intensity of the carthquake-wave being the samo, will neces- 
surily be the effects produced. ‘The inland seas and lakes would 
be liko so many basins or troughs of varied forms filled with water. 
‘We can conceive important geological modifications on the shores 
of districts adjoining Lake Superior, for example, when situated 
immediately shove such an impulse _as threw up men vertically to 
considerable heights at Riobamba, in 1797, or jerked sailors up- 
wards off the decks of a vessel, 120 miles from shore, during the 
earthquake of Lisbon in 1755. In connexion with the earth-wave 
around the centre of the great Lisbon shock, the waters of Loch 
Lomond, even though this earth-wave was then transmitted so far, 
are represented to have been thrown two feet four inches high on 
the shores. Ae respects rivers, should the shocks pass up their 
courses, and the undulations be considerable, their waters would be 
precipitated onwards, or rolled back into the troughs or hollows 
formed, as the vibration passed onwanls, gushes of water rolling 
afterwards down their channels in accordance with the temy 
interruptions to their usual flow, Should fissures be dur- 
ing the undulation, and not remain pent seers 2 
river waters rushing into them arightihe suddenly discharged out 

of them upon their again closing.* 

Accounts of earthquakes contain such frequent mention of gases 
and flames evolved from fissures during shocks, that although 
there may be many exaggerations and mistakes on this point, there 
would appear little doubt of their occurrence, ‘The emission of 
flame is interesting, whether it be produced by the eseape of gases 
simply inflaming by rising into the atmosphere, or from causes 
more resembling those observed in voleanos (p. 323), In the latter 
case we should have to infer the fracture of rocks down to the 
needful supply of volcanic gases, The emission of steam as well as 
flume would’seem still more to show that the fissure was 
down to depths where considerable heat existed. In the instance 
of the earthquake of Cumana in 1828, where the water hissed and 


* The effects produced by the earthquakes in the Valley of the Mississippi in 
1811-1812 are highly instructive. Sir Charles Lycl! has not only collected valuable 
tnsemation respecting them, but has also personally examined the region then 
shaken, The ground nenr New Madrid in montioned as avtog een 0 disturbed. 
‘that the Mississippi was arrested In its course, and a temporary reflux produced 
‘Lange ikea were formed inthe sourne of an bour, ety miles in extent, and others 
‘wore draingl, Hundreds of deep chaema wore producod, which remained open many 





many: 
‘oxtending for half « mile aod upwards Principles of Geology, Th edit., 1847, 
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bubbled up round a vessel in the harbour, as if hot iron had/been 
thrust in it, and when, on weighing the anchor, it was found that 
the links on part of her chain cable had been elongated from two 
inches in diameter to the length of three and four inches, there 
would appear proof of some sudden communication by a fissure 
with great heat.* In regions composed either wholly or in part of 
such accumulations as those of the great coal deposits of Europe 
and North America, and where fissures descended to depths whence 
great heat could rise upwards through them, not only might such 
guscs as carburetted hydrogen, disseminated amid such deposits, 
and to # certain extent liberated, be inflamed, but even from the 
access of atmospheric air for a time, the broken parts of the coal 
beds themselves might be burnt, producing certain secondary 
effects in such districts t 

The shocks are often, but not Pine accompanied by noises, 
transmitted through the ground, These are necessarily of very 
different. kinds, from the varied conditions under which they may 
be transmitted. According to Humboldt, the great shock of 
Riobamba (4th February, 1797), was unaccompanied by any noise, 
. While at the cities of Quito and Tharra the great detonation of the 
same shock occurred eighteen or twenty minutes afterwards, As 
an example of the great distance to which subterranean noises may 
be transmitted, without earthquake shocks, he adverts to the noise 
like thunder heard over an area of several thousand square miles 
in the Caraccas, the plains of Calaboso, and on the banks of the 
Rio Apure during the eruption of St, Vincent, in 1812, this being, 
as Humboldt remarks, in point of distance, as if an eruption of 
Vesuvius should be heard in the north of France, He also points 
out, that in the great earthquake of October, 1746, at Lima and 
Callao, » noise like a subterrmncan thunder-clap was heard « quarter 
of an hour Jater at Truxillo, unaccompanied by any shaking of 

* “During the oarthquake of 1828 at Cumana, an English vewol in the harbour 
wns suddenly enveloped in mist, and noise Ike distant tinder was beank At the 
samo time a shock was felt, and the surrounding water hissed as if a hot iron had been 
introduced intoit, sending up a number of bubbles, accompanied by a smell of sulphur. 
Muleitudes of dead fish floated on the surface. On weighing anchor, it was found 
that one of the chains which consected it with the vessel, lying on saft mud, Bad 
‘deen melted, and the rings, which were two inches in diameter, had been stretehad to 
the longth of threo or four inehos, and becomemuch thinner than before.” Daubony 
(Desoription of Voloanos, p. 528.) 

+ Any accumulation of gas, or of substances rendered liquid by pressure ready to 
assume the gaseous form when this is removed, Would be oxpected so’ aan 





should earthquake fissures travorse or oxtend to thom, Humboldt nathoes {I 

‘that daring the earthquake of New Granada (16th November, 1827), 
Issued from fissurosin the Magdalena River, suffocating snakes, rats, and otheraniwals 
iving ia holes. 
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importance, and these are sometimes noticed, they would chiefly 
‘Appear to arise from vibrations insufficient to be termed 

‘succeeded by those which arrest attention, the greater earth-waves 
being alone regarded. The continued subterranean sounds heard 
during a month at Guanaxuato, in 1784, afford a good 


8, 


The permanent elevations and depressions of land accompanying 
earthquakes require to be well considered, apart from the great 
carth-waves and their consequences, since such waves may be 
merely movements resulting from the cause producing these per- 
manent relative changes of level, sometimes extending over con- 
siderable areas. It will be readily seen that a force acting from 
the interior of the earth outward, rending and otherwise disturbing 
portions of its solid crust, could throw such portions into motion, 
causing earth-waves, which, though often so terribly disastrous to 
man and his works, are nevertheless insignificant when meusured by 
avery minor part of the earth’s radius. We have seen (p. 381), that 
molten matter raised upwards into cracks formed in the relatively 
small mass of a volcano will increase its volume, raising the ground 
around in a manner which may produce changes of importance 
when near shores, An observer would therefore be prepared to 
expect that where there may be no very ready outlet, such as a 
erater or the sides of a volcano may present, for a greater mass 
of molten matter pressing to overcome superineumbent obstacles 
to ita escape, greater fractures, extending over wider areas, may 
be formed, throwing the fractured and adjoining rock masses into 
movement, molten rock remaining in its new position as far as 
circumstances will permit. In such 2 case, the earthquake would 
be merely a secondary effect consequent on the exertion of force 





* “Kosmos,” Art, Earthquakes, Humboldt obtained good evidence on this subject. 
‘he nolvo began on tho Mth January, 784, at midnight, Prom the 1th to the 16th 
of the same month “it wns as if thore were heavy stormclouds under the foot of the 
inhabitants, in which slow rolling thunder alternated with short thunder-claps. ‘The 


the surface nor in the mines, 1,598 English feet in depth, could the slightost trembling 
of the, ‘be percolved.” “'Thus,"" be adds, “as chasms in the Interior of the 
earth el spas ie operon se) bere ef oad kee 
program, ex centladed wall 1 mets ths ocr, 
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raising the ground upwards, Although allusion has been made to 
molten matter raised upwards over a large instead of a minor area, 
the surface of the earth might be rent, earthquakes produced, and 
land permanently elevated, as will be noticed hereafter, by the 
mere expansion of a considerable portion of the earth's crust, the 
resistances upwards being in the end somewhat suddenly over- 
come. 

From the adjustment of the minor volume of a volcanic moun- 
tain, to that of great masses of the earth's crust, by which parts 
may be either raised or depressed, and this by such sudden move~ 
ments that earth-waves of various magnitudes are communicated 
to the adjacent rocks, no slight modifications would be 
The geological impomtance of the rise or depression of land, espe- 
cially on sea-coasts, at the time of earthquakes, being fully recog- 
nized, it is very desirable that, whenever opportunities present 
themselves, exsct researches as to the amount of rise or depression 
above or beneath a somewhat permanent datum level should be 
undertaken. The mean tide level on oceanic coasts is very de- 
sirable for this purpose, when available, and may often readily be 
obtained with sufficient accuracy. In certain estuaries an alter+ 
ation in the bottom of the seaward portion might influence the 
tides, so that a greater or less amount of water could flow upwards 
to situntions where no real change of the relative level of land and 
the main sea had been effected. An observer will see, by reference 
to charts of estuaries, especially those with extensive bars at their 
mouths, how materially tides might be influenced in their action 
by moderate elevations or depressions at their mouths. In some, 
where the amount of water entering with the flood tide is so im- 
portant in keeping a channel clear upon the ebb, especially where 
fs challow coust is exposed to heavy breaker action, the volume of 
water passing up or down might be most materially modified. 

Modern observations on the western coasts of America, which, 
fortunately for these researches, is so truly oceanic, uncut by great 
rivers, have successfully established the rise of extensive lines of 
coast during earthquakes. At the time of that of November, 1822, 
felt from north to south for a distance of about 1,200 miles, the 
coast was raised four feet at Quintero, and three feet at Valpa- 
raiso above its former level ; and Mrs. Graham records that oysters 
and other molluses were elevated out of the sea, becoming offensive 
as they decomposed," Dr, Meyen found, nine years afterwards, 


* Geological Transactions, 2nd series, vol. i. 
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sea-weed and shells adhering to the coast thus raised, and infers 
it was so to the height of about four feet along central Chili, Sir 
Charles Lyell, detailing the evidence as to the rise of land at the 
time of this earthquake, considers that if the estimate of the mass 
moved be correct, namely, that superficially it extended over 
100,000 square miles, the area elevated would be equal to half that 
of France, and five-sixths that of Great Britain and Ireland, so 
that only giving two miles for the depth of the mass raised, 
200,000 cubic miles of mineral matier were elevated above thei 
position at that time.* 

At the time of the earthquake on the coast of Chili in 1835, 
when the towns of Conception, Taleahuano and Chillan suffered 
80 seriously from the shocks,t much land was also raised. Captain 
Fitzroy, who was then enguged in a survey of the coast, states 
that the sea did not for some days fall, by four or five fect, to the 
usual marks; and that “even at high-water, beds of dead mussels, 
numerous chitons, and limpets, and withered sea-weed, still ad- 
hering, though lifeless, to the rocks on which they had lived, every- 
where met, the eye."{ The amount of rise gradually diminished, 
so that about two months afterwards, the coast was within two feet 
of its former level, a kind of settlement after the first upheaval 
having been effected. 

During the earthquake of Cutch, in June 1819, the surface of a 
wide area was so acted upon, that part became depressed beneath 
and part elevated above, its former general level. The Ruan of 
Cutch, as it is termed, is the lowest part of a considerable district 
situated between the eastern branch of tho delta of the Indus and 
the Loonee river. Thefarea is estimated at about 7,000 square 
milee, and is so slightly above the level of the sea, that during 
monsoons sea waters are driven up from the Gulf of Cuteh and 
creeks at Inckput, overflowing a large part of the Run, the sub- 
sequent evaporation of the waters sometimes leaving a deposit of 





* “Prinoiples of Geology,” 7th edit.,p. 436. 

+ Though there was ono chief shock, there are considered to have been more than 
300 minor shocks mbocquently,, vee Ls February and the 4th March.— 
Lyell, “ Principles,” 7th edit., p 

t Caplin yaa Voyues of Avent ad Beagle, vol. il.), with respect to 

ta Maria, south. 


only showing themsolves ; now the whole flat ‘and square nore of it are 
Jifiah, the stench arising from which is abominable, By this 
elevation of the land, the southern port of Sante has been almovt destroyed, 











salt about an inch thick. It is also described as liable to be occa~ 
sionally overflowed in parte by river water. gts 


to be a district peculiarly favourable for having any modifications 
of its surface marked by changes in the position of water flowing 
over, resting upon, or bounding it. From the facts accumulated 


the earthquake of 1819, by Sir Charles Lyell,* it would 
appear that immodiately after the chief shockt a mound was found 
to be raised across the eastern branch of the Indus more than 50 
miles in length from east to west, and in some places 16 miles in 
breadth, with a height of 10 feet. This was named by the inha- 
bitants the Ullah Bund, or Mound of God. At the same time 
submersion of land was effected on the south of the Ullah 
Bund, into which the sea flowed up the eastem channel of the 
Tndus, converting an arca of 2,000 square miles of land into a great 
sea lagoon, ‘The village of Sindree, situated on the land border- 
ing the river prior to the earthquake, was submerged, the tops of 
the fort and houses being alone visible above the waters} At 
Luckput, farther down the Indus, the river which was there ford- 
able at low water, being then only about a foot deep, became 
afterwards 18 feet deep at the same time of tide, Other portions 
of the channel were also found to be deepened. The course of the 
Indus is described as much unsettled after the earthquake, and the 
river finally cut through the Ullah Bund in 1826, throwing such a 
body of water into the salt lagoon, formed during the earthquake, as 
torender the water fresh for many months, though it became again 
salt in 1828.§ Being in the course of such a river, it would 
be expected that this submersion would be obliterated by the 
usual transport of detritus into it, a change now in progress, 
fi lagen having been found diminished both in size and depth 
in 1838. 


* “Principles of Geology,” 7th edit,, pp. 437-441. 
+ Shocks are mentioned as having been felt from the 16th of June, the day of the 
great earthquake, to the 20th, when it is said an eruption broke out at the voleano of 
Benndur, 30 milea Ne W. from Bhooj, the vibrations then ceasing, ‘The chlef shook 
wos felt destructively at Ahmedabad, and feebly a: Poonab, 400 miles more distant.— 
Lyell, " Principles,” p. 437. 
 Hemarking mpon the houses not having been thrown down (Bhodj, the 
pe ‘of Cuteh was converted into a heap of ruins by ile sectaselah i), Sie 
Lyell observes that, “had thoy been situated, therefore, in the intern, wbarsiss 
many forte wore levelled to the ground, their site would, perhaps, be regarded ax 
hnving remained comparatively unmoved. Honce we may suspect that eves eee 
Sent wybabrings dnd Sahreslons Of bl may he th tosis Of serves Witoag 
Snhabitanta being in the least degree conscious of any change of level,” 
ae nme ie gins mare hee Dae ea accordizyg 
supposed that it was #0 from a solution yokes 
© Rann of Cuteh Is impregnated.—Lyell, « Principles,” p, 419. 
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QUIET RISE AND SUBSIDENCE OF LAND.—=IISH AND DEPIUESSION OF COAST 
IN THE BAY OF NAPLES —ELEVATION AND DRIRRSSION POM INCHKASE 
AND DECREASE OF HEAT.—GRADUAL MISE OF LAND IN SWEDEX AND 
NORWAY.—RAISED COASTS IN SCANDINAVIA. —GRADUAL TEPRESSION OF 
LAND IN GREENLAND. —MOVEMENTS OF COASTS IN THE MEDITERRANEAN, 
UNSTABLE STATE OF THE RARTH'S SURFACE, 


Ix voleanic regions where there is suflicient activity to show that 
the vents are merely in a half-dormant state, or where, from time 
to time, though the eraptions may occur occasionally after even 
considerable intervals of comparative repose, voleanie action pro- 
duces very marked effects on the surface, we should expect that 
there would sometimes be quiet elevations or depressions of the 
ground. Differences in the relative level of the sea and land could 
be caused by the variations of heat to which the hard rocks or 
other mineral accumulations may be exposed, such differences 
producing effects likely to be appreciated by the inhabitants of 
coasts only in proportion as the areas acted upon may, or may not, 
be more or less covered by water, or be left dry. Changes of 
temperature which could in so short a time deprive a volcanic 
mountain, such as Cotopaxi in the hot, or such as those in Iceland 
in the cold regions, of their snows, could scarcely but be attended 
with the expansion of the accumulations acted upon, How far 
minor voleanic areas may permanently, so fur as regards @ cer- 
tain amount of time, remain elevated or depressed, would depend 
upon the conditions under which such areas may be generally 
placed. A minor volcanic area exhibiting considerable activity at 
one time may present a mass of mineral matter more heated, and 
be, consequently, more expanded than at another when this activity 
may cease, even only for several centuries. 
272 
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Tn tracing back the elevation or depression of a coast by means 
of the human works which appear to have risen or to have been 
submerged, relatively to the level of an adjoining sea, assuming 
that there are no difficulties respecting the permanency of the lat~ 


carth-wave, may often be very limited, Great caution is evidently 
needed on this head, 90 that a slow continuous clevation or de- 
pression of the land, relatively to the level of the sea, be well 
separated from its sudden rise or fall ut the time of an earth- 
quake. 

As regards a minor area in a volcanic district exhibiting rela- 
tive changes of level within the historic period, the coasts of part 
of the Bay of Baie, Naples, have been regarded as affording suf- 
ficient proof. Whether these changes may have been more or 
less sudden, or were gradual and continued through a somewhat 
long time, has not been altogether settled. Looking at the kind. 
of country acted upon, a change of level, sometimes slow, at 
others sudden, would not appear inconsistent with the facts 
noticed. With respect to the probable dates at which the changes 
of level were effected, the Temple of Jupiter Serapis, at Pazandli, 
has been considered as affording good approximations. ‘The main 
fact is, that three marble columns, somewhat more than 40 feet 
high, slightly out of the perpendicular, are smooth and uninjured 
to the height of 12 feet, above which, for 9 feet, they are perfor- 
ated by the Lithodomus, a common and existing boring mollusc of 
the Mediterranean. The remainder of the columns, all of which 
exhibit the same fact, at the same heights, only show the usual 
effects of atmospheric exposure. On the pavement of the temple 
are other broken columns of marble perforated in certain parts, 
some of them bored not only on the exterior, but also in the erass 
fracture. The inference from these facts has been, that the lower 
parts of the column were protected by some deposit during sub- 
mersion bencath the sea, the columns standing erect, or nearly 
0, while the part above was perforated, and consequently im 
water sufficiently clean for the animals to live in, bore, and 
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obtain their food, the remainder rising above the sea, or only 
submerged to a depth beneath which the Lithodomus usually 
lives. This supposes the building of the temple on dry land, its 
submersion beneath the sea to between 20 and 30 feet, and its 
subsequent emergence, as now seen; so that the platform of the 
temple is about one foot, or thereabouts beneath the high water 
mark of the small tides of the Bay of Naples, From the various 
circumstances connected with this locality, Sir Charles Lyell in- 
fers, respecting the ground forming the foundation of the temple, 
that “first, about 80 years before the Christian era, when the 
ancient mosaic pavement was constructed, it was about 12 feet 
above its actual level, or that at which it stood in 1838 ; secondly, 
towards the close of the first century after Christ it was only aix 
feet above its actual level ; thirdly, by the end of the fourth cen- 
tury it had nearly subsided to its present level ; ae 
middle ages, and before the eruption of Monte Nuovo, it 
about 19 feet delow its present level ; ierly ab the heanctog a 
the present century it was about two feet two inches above the 
level at which it now stands” (in 1838, * 

The evidences of recent changes of the relative level of sea 
and land, even as respects the works of man in the vicinity, are 
not confined to the temple of Serapis. Mr. Babbage mentions 
that et the sixth pier of the Bridge of Caligula, at Puzzuoli, a 
line of perforations by the Lithodomus, and other indications of a 
water level, are found four feet above the sea, as also at ten fect 
above the present sea level on the twelfth pier, and points to the 
broken columns of the Temples of the Nymphs and of Neptune, 
a remaining now standing in the seat With respect to the 
columns of the latter temple, Sir Charles Lyell observes, that a» 
they now stand erect in five feet water, just rising to the surface 
of the sea, their pedestals buried in the mud, if the sea bottom be 
raised, and the covering accumulations removed, they might ex- 
hibit similar appearances to those observed at the Temple of 
Serapis.~ Roman roads are mentioned as under water, one be- 
GedeaiPisedo ‘ani the’ Lececine Take ‘and’ ancien neat 
Castle of Baie. A road with some fragments of Roman buildings 


* “Principles of Geology,” 7th edition, in which Sir Charles Lyoll gives the resulis 
of his pervonal examination of the district, as published In the early editions of the 
samme work, and the chiof facts mentionod by other authors. 

+ Proveadings of the Geological Society of London (Murch 1834), vol. fi, p. TA. 

} Principles of Geology,” 7th olition, ». 1. 
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is beneath the level of the sea on the Sorrento side of the Bay of 
Naples; and in the island of Capri, one of the palaces of Tiberius 
is covered by water.” 

Independently of these evidences connected with the works of 
man, of changes of the relative level of sca and land, there is also 
geological evidence of the same movements within a. 
recent period, Mr. Babbage mentions a line of 
the Lithodomus, like those on the columns of the of 
Serupis, 32 fect above the present level of the sca, in an inland 
cliff opposite the island of Nisida.t Sir Charles Lyell points to 
this cliff and other facts as capable of proving these changes, even 
if human works in the Bay of Naples had not afforded the evidence 
above noticed ; and which, taken in connexion with that furnished 
by the geological facts observed, would appear to show an unequal 
clevation and depression of the land in different parts of an area 
comprising this bay. 

Tn accounting for the gradual sinking and rising of the ground 
on which the Temple of Serapis is based, and of which he con- 
cludes there is sufficient evidence, Mr. Babbage ‘adverts tw the 

of volume which might be produced in the subjacent 
accumulations by the difference of heat in them at different times 5 
an important consideration, not only as respects a minor area of 
this kind, but also the elevation and depression of great masses of 
land, constituting even considerable portions of continents. He 
observes, that * in consequence of the changes actually going om 
at the earth's surface, the eurfaces of equal temperature within its | 
crust must be continually changing their form, and exposing thick 
beds, near the exterior, to alternations of temperature ;” and, that 
“ the expansion and contraction of these strata will probably form 
rents, raise mountain chains, and elevate even continents.”{ With 
respect to these greater results, Mr. Babbage refers (1) to the 
increase of temperature found as we descend beneath the surface of 
the earth; (2), to the expansion of solid rocks by heat, while clay 
and some other substances contract under the same circumstances ; 
(3), to different mineral accumulations conducting heat unequally; 








* Professor James Forbes, Physical Notices of the Bay of Naples," Browster's 
Edinburgh Journal of Selonce, vol. I., new series, 

+ “Observations on the temple of Serapis, at Pazzuoll, naa ap wile oe 
‘on certain causes which may produce sical eyclor of great extent."—Proceed- 
ings of tho Geological Sootoly of Leadon (March, 1834), vol. iL, ys. 47. 

t Proceedings of the Geological Society of London (March 1834), vol, Hi, p. 75. 
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(4), to the different radiation of heat from the earth, or at different 
parts of its surface, according as it is covered with forests, with 
mountains, with deserts, or with water; and (5), to existing 
atmospheric agents and other causes constantly changing the con- 
dition of the surface of the globe. Applying these views to the 


ground on which the casio of Serapis is placed, Mr. Babbage: 


supposes it to have had an elevated temperature when this temple 
was first erected, and that it “ subsequently contracted by slowly 
cooling down; and that when this contraction had reached a 
certain point, o fresh accession of heat from some neighbouring 
voleano, by raising the temperature of the beds, again produced 
a renewed expansion, which restored the temple to its present 
level”"* 

Quitting the minor area of Naples, where complications may 
arise from the volcanic character of the district, it fortunately 
occurs, that in Northern Europe observations have been sufficiently 
long and carefully continued to prove that a mass of land in Nor- 
way and Sweden has been slowly and tranquilly rising above the 
level of the sea during historic times. About a century and a half 
since, facts were known which induced Celsius to infer that the 
level of the Baltic and Northern Ocean was sinking, as was likely 
to be concluded at that time with respect to any relative change of 
the levels of sea and land, Although Playfair may have pointed 
out that, in accordance with the views of Hutton, it was more pro- 
bable that the land had risen, it was not until Von Buch had per- 
sonally visited the district in 1807 that the latter inference became 
established 0a a fact. He concluded, “that the whole country 
from Frederickshall, in Norway, and perhaps as far as St. Peters- 
burgh, was slowly and sensibly rising ;"} inferring that the northern 
portion was rising faster than the southern. Referring to the marks 
eut upon rocks during calm weather, considered to represent the 
standard level of the Baltic, it was concluded by officers charged 
with the examination in 1820-21, that there had been a relative 
change of that level, though the rise had not been generally to the 
sume extent. In 1834, Sir Charles Lyell examined the marks then 
cut by these officers, and concluded that the land had risen four or 
five inches in certain localities on the north of Stockholm. He 
convinced himself at the time, “after conversing with many civil 





* Prococdings Piven ter? Society of London, vol, ih, pr 75. 
ivels in Norway,” 
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engineers, pilots, and fishermen, and after examining some of the 
ancient marks, that the evidence formerly adduced in favour of the 
stasis of ave both on the court of Seed 62 Sot ae 

. The alteration of level evidently diminishes as we 
Shen a pcast ea rece e ee 
south, being very slight around Stockholm "* 

‘The elevation of the area noticed is considered to extend to the 
North Cape, so that further traces of it become lost beneath the 
Northern Ocean. Taking a general view of the evidence, Sir 
Roderic Murchison haz concluded, that, assuming an east and west 
line traversing Sweden in the parallel of Solvitsborg, there has been 
in recent times on the north, and continues to be, an elevation, and 
on the south a depression. As regards the slow depression of 
Scania, Professor Nilsson infers, that this has been in progress for 
several centuries ;} and Professor Forchhammer considers that the 
isle of Salcholm hus not sensibly changed its level, with respect to 
the sea, for 600 years; while the isle of Bornholm appears to hare 
risen one foot in a century, this elevation having been continued 
for 1600 years.§ 

With respect to very exact measurements, as regurds small 
changes in the relative level of sea and land in inland seas, 
such as thoee of the Baltic, from the configuration of which and 
their mode of communication with the main ocean, disturbing in- 
fluences may arise, no doubt, without reference of the general area 
to some more constant level, such na that of mean tide in some 
adjoining ocean, there may be difficulties ; but looking at the evi~ 
dence as a whole, it would appear decisive of a slow change in the 





* “ Principles of Geology," 7th edition, p. 300, and “On the Proofs of » Gradual 
Elevation of certain parts of Sweden,” Philosophical 1835, 

+ Address to the Royal Geographical Society of London, 1845, 

$ Communication to Sir Charles Lyell (Address of the latter to the Geological 
‘Society of London, 1837). Professor Nilsson mentioned, among other ¢i 
that a large stone, the distance from which on the shore of Scania was measured 
Linnzeus in 1749, was, in 1836, one hundred feet nearor the water's edge, and. Eh his 
‘the sea-port towns, “all along the coast of Scania, there are streets below the high+ 
water level of the Baltic, and, in some places, below the level of the lowest tide. 
"Thus when the wind js high at Malmd, the water overflows one of the prencat streets ; 
nd some years ago sore excavations showed an ancient street in the same place, eight 
feot below, and It was then seen thot there had evidently been an artificial raising of 
the ground, doubtlew in consequence of that sulsidence. There Is alno a mireat st 
‘Trulleborg, and another wt Skandr, a few inches below high-water mark; amd « 
stroct at Ystad is just on level with the seo, at which it could not have been 

built.” 
§ "On Changos of Level which have taken place in Denmark in the present times,” 

‘rananctions ‘of the Geological Society of London, vol. vi, 1841. 
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relative level of the sea and land in the manner inferred.* Geo- 
mentioned ; for, while the oceanic coast shows deposits mised above 
the present level of the sea, containing the remains of shells still 
existing in it, even barnacles and zoophytes adhering to the 
rocks on which they fastened while beneath the water, on the 
Baltic side there are also raised accumulations ‘ining shells 
characteristic of that sea. Although these facts might not show 
that the land had been raised in historic times, they are i 
ag proving a relative change of level at a recent geological period.t 
in the relative level of sea and land, and which can be 
measured by that of the ordinary tidal wave of an oceanic coast, are 
not confined to the north of Europe, Facts appear to show, that 
there has been a gradual sinking of the west coast of Greenland 
during at least a century. Dr. Pingel has shown that in a firth, 
called Tgalliko (lat. 60° 43' N.), a house built on a small rocky 
island is now submerged ; that the foundations of a storehouse of the 
colony of Julianahaab, founded in 1776, are only now dry at low 
water; that near the village of Fiskeniiss (lat, 63° 4’ N,) they, have 
been obliged to shift the poles for the women’s boats, the ald poles 
still standing in the sea; and that to the north-east of Godthaab 
(lat, 64° 10 N.), the remains of a winter house are now beneath 
high water, Dr, Pingel montions, that no original Greenlander 
builds his house so near the water's edge. This author adds, that 
from information highly deserving of credit, ruins of ancient Green- 
land winter-houses at Napparsok, 45 (English) miles north of Ny- 
Sukkertop (lat. 65° 20 N.), are to be seen under water. Thus 


* The average rate of rise in Sweden is estimated nt about threo fect four inches 
imocontury. With regant to the various authorities on the subject of this 
‘we would refor, for his usual impartial gtatementa, to the Vicomte D'Archinc's 
“ Histoire des Progris do In Géologio,” chap. v.; Soulovements et Abairsements 
‘Contemporains, t. £., p. 645. 
OS ete mass of shells, of 
‘same species as now live in the adjoining sea, and 310 Rng fot sore i 





not anly 
te the rocks, bot a anal] soonhyie (Cbligira 1 

Toscan brads ortnilar shets ot area: owe tulle sort of Uaaevalio meee 
390 font above the joining me. With respect to the ralaed secamelatons mde 


‘soa at Siklertelje, 16 milos south-wost from Stockbolm, The sbolls in these deposits 
‘aro well charsctorizod ae Baltic, and Sir Charles Lyel! points ont that the marine 
tmallaoes feud in the Baltic, though “ very numerous in individuals, aro dwarfish in 
Sint, soarooly even staining a third of the avorage dimonaione which they acquire in 
the salior waters of the ocean.”-—Principlos, 7th edition, p. 3. 
‘+ Pingel, Proceedings of the Geological Sociaty of Loudon, vol. ji., p. 208, 
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for about 368 English miles there would appear evidence of this 
subsidence, and it is considered to extend to Diseo Bay, about 256 
miles further north. 

Tt has been supposed that the movement noticed in the Bay of 
Naples has not been confined to it, and that, however local some 
of the oscillations of the ground may be, in consequence of the vol- 
canic action connected with it, there is a slow elevation in progress 
affecting Italy from the neighbourhood of Naples to Venice. Tt 
has been inferred that there is a change of the relative level of sea 
and land near the latter city of about six inches in a century, and 
that, extending to Naples, this elevation (varying in the proportion 
of 155 to 660 southwards), is felt for at least the distance of 520 
miles.* With respect to elevations in the Mediterranean connected 
with the works of man, Captain Spratt and Professor E. Forbes men- 
tion an antique sarcophagus in the water of the Bay of Maeri (the 
ancient Telmissus), perforated by boring molluscs up to a third of 
its height, showing a depression and subsequent elevation of the 
coast. ‘Not only are there traces of terraces on the limestones of 
Greece, with lines perforated by boring molluscs, such as now in= 
habit the adjoining sea, but M. Boblaye also points out # cavern 
near Napoli di Romania, raised five or six yards above the level of 
the Mediternmean, containing breccia, the formation of which he 
refers to historic times, inasmuch as fragments of antique pottery 
are included in itt Continuing researches of this kind in the 
Mediterranean, we find, on the authority of M. de Ia Marmora, 
that on the coast of Sardinia there is a deposit now mised above the 
sea, in which, mingled with terrestrial, fluviatile, and marine shells, 
are the remains of ancient pottery. ‘The bed is deseribed as sloping 
gently seawards, so as to represent part of an ancient coast with 
a portion of its adjoining sea-bottom. The remains of pottery are 
found where an ancient coast, inhabited by man, may be supposed 
to have ranged, the marine shells of the same species as now found 
in the adjoming sea becoming abundant outwards where the old 
sea-bottom occurred. At about 150 feet on the north-west of 
Cagliari, oysters (Ostrea edulis) are found adhering to the rock on 
which they grew; and M. de la Marmorm discovered, also on the 
north-west of Cagliari, among the pottery, a round ball of baked 





+ MM. Ant. Nicoolini and Rm, Campo-Lonzé, as quoted by M. D’Arebiae, 
Llistoiro des Progriés de In Geologie,” t. |, pi. 659. 

+ © Travels in Lycia, Mylioa, and the Cibyrntis,” vol, i, p. 189, 16, 

+ “ Journal de Géologio,” tom, iil 


ail 





Ca. XXIIL] UNSTABLE STATE OF THE TARTH'S SURFACE. er) 
earth, about the size of an apple, with a hole in the centre, a8 if to 
pass a cord through. M. de la Marmora considers that this ball 
may have belonged to fishermen following their calling on this coast, 
and who used such balls instead of lead before the change of level 
elevating the deposit to its present situation.* 

‘The circumstances above noticed will be sufficient to show that 
movements of the ground as well gradual as somewhat more 
sudden, have taken place since the localities mentioned have been 
inhabited by man, and that there may have been oscillations of the 
land in certain situations. These movements cannot be termed 
permanent in a strictly geological sense, since the history of the 
Lok area ener wince rire 
respect to the distribution of land and water; but they may, for 
the most part, be so regarded with reference to the lapes of many 
‘centuries, during which man may or ichange Bieta 
existence on the areas so acted upon. Whatever the cause of these 
Movements may be on the fgreat scale, and however the action 
which is commonly termed volcanic, may merely constitute 
modification of the effects due to some general influence by which 
whole continental masses are upraised or depressed beneath the sea 
level, we have, in carthquakes and the slow elevation and de- 
pression of land now taking place, manifestations of the unstable 
support on which the present mineral surface of the earth 


‘That earthquakes on the large scale may be due to the rending of 


portions of the earth's crust so acted upon that some previous 
resiatance to an upraising or depressing force is euddenly overcome, 
while, in the gradual movements of elevation or depression, thia 
resistance is quietly overpowered, may not be improbable. To 
the cause of this unstable state of the earth’s suxface, the observer 
will, no doubt, be induced to inquire more particularly when, 
searching amid the various accumulations which he will find re- 
cording the past history of our planet, he sees proofs of elevations 
and depressions of old surfaces to which those above mentioned are 
almost as nothing. It would be out of place here to enter upon 
the hypotheses which have been framed respecting it; at the same 
time, it may not be undesirable to recall attention to the results 
produced by changes on the earth's surface, by which dry land is 
lowered and sea-bottoms raised higher, and which Mr. Babbage has 
pointed out when accounting (p. 438) for the oscillations of the 
gwund on which the Temple of Serapis is based, inasmuch as, 


* * Journal de Géologie,” tom. il. 
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rise of the bottom. As the heat now penetrates the Delp 
‘action may take place ; the beds of clay of sand may become convolidated, aad 

oo Sopa paatiaating Ihe ae ihr are prensa 
the limits of the new continent, or, after another fnterval, the new land may again 
subside und form a shallow sea, ‘This oa may be ogaln Slied up by « repetition Of 
the same procession ax before, and thus alternations of marine and fresh-water deposits 
may occur, having Interposed between them the productions of dry land.” 





CHAPTER XXIV, 


SUNK OR SUBMARINE FORESTS AND RAISED REACHES.—SUNK FORESTS OF 
WESTERN EUROPE,—SUNK FORESTS BENEATH THE SEA IN ROADSTEADS.— 
MODE OF OCCURRENCE OF SUNK FORESTS.—LOCALITIES OF SUNK FORESTS, 
—HEMAINS OF MAMMALS AND INSECTS IN SUNK FORESTS OF WESTERN 
ENGLAND.—FOOT-PRINTS OF DEER AND OXEN AMID THE ROOTED TREES 
OF SUNK FORESTS LN SOUTH WALIS.—SUNK FORESTS AS REGARDS VARI- 
ABLE HEIGHTS OF TIDE ON TIDAL, COASTS —RAISED BEACHES CONCEALED 
BY DETRITUS,—RAISED BEACHES OF PLYMOUTH, FALMOUTH AND NEW 
QUAY.—RAISED DUNES OF BLOWN SAND, TERRAN BAY, COLNWALI.— 
DISTRINUTION OF DETRITUS IN ENGLISH CHANNEL, AND IN SEA SOUTH OF 
TRELAND.—CARE REQUIRED IN TRACING RAISED COAST LINTS.—RAISKD 
COAST LINES, SCANDINAVIA. 


‘Tue names of sunk or submarine forests and raised beaches for 
comparatively recent changes in the relative levels of land and sea, 
since the vegetation of the former and the animal life in the latter 
have been much the same as now found adjacent on the one or in 
the other, though not perhaps too well chosen, since there have 
been many depressions and elevations of land marked by the sub- 
mergence of terrestrial vegetable life and the emergence of marine 
remains in beaches at various geological times, are here retained as 
convenient for the present. The evidence is merely negative as to 
the absence of man from some of the coasts where these 

have been effected, certain conditions being needed for the preserv~ 
ation either of his remains or those of his works, Certainly some 
of them may readily haye occurred since man was created on our 
planet, though no traces of human existence either in the con- 
temporary accumulations themselves or in their mode of occurrence 
may have been detected. While alterations in the relative levels 
of land and sea have occurred in countries long inhabited by civi- 
lized races, and are now known to be effected where euflicient in- 
terest is taken to record them, it is scarcely to be supposed that 
the like have not taken place in regions inhabited by man in a less 


sSscion sete, tho ine onuikaly ee 
te fiat sch, wil be here Bee en, taweneaet aan | 
lapse of geological time. 

It can rarely happen that, without some historic record of the 
event, the submergence of a coast ty any marked depth can be 
well ascertained. The water, except under very rare and fayour- 
able circumstances, would remove the tnices of the old coast lines 
from our view, and new accumulations, mechanical or chemical, 
would tend still further to concealthem, As regards the evidence 
of a submergence of the shores of Europe for a considerable extent 
on its western and oceanic front, we fortunately good 
evidence in those trees and accumulations of other around 
them, which have been termed Sunk or Submarine Foreste. 
These are to be found under the same general conditions, from the 
shores of Scandinavia to those of Spain and Portugal, and around 
the British Islands. So common to the whole are their general 
characters, that without supposing an absolute cont 
submergence, or one of equal amount throughout, there still 
remains a change of the relative level of the sea and land of a 
marked kind over the whole of this area. ‘These * forests” some= 
times occur on the seaward front of a minor valley, and of others 
of far larger dimensions, even beneath the accumulations of a con- 
siderable ostuary, and are found stretching inland for considerable 
distances under deposits of gravels, eands, and clays, the latter 
sometimes slightly elevated above the sea, and occupying scmiwiae 
large tracts of country. 

The slopes on which the ‘ forests’ rest are variable, though 
usually dipping seaward at a very slight angle. If the observer 
will imagine, that during low water, on any tidal coast, a change 
of relative level of land and sea were effected, so that the low 
water line became that of high water, he may form an idea of the 
varied slopes and different areas on which the trees and other 
plants may have grown, and which, now partially or wholly sub- 
merged, constitute * sunk or submarine forests.’ While they are 
often wholly beneath the level of high water, at others they are 
partly beneath it, and partly rise to, or above it. The following 
section (fig. 151) will illustrate the mode of occurrence of several, 
where, after a submergence, other accumulations have been effected 
over a portion, if not the whole ; and so that while a part may be 
laid bare by the action of the breakers, others may be concealed 
seaward beneath the water, or be covered by gravels, sands, or 
clays inland, 
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Let a, 4, represent the level of high water, and ¢, d, that of low 
tide, e, f, a line marking the general plane of the * forest,’ g, a 


Fig. 151. 








. 
beach thrown up in the usual manner, and /, sand, clay. or any 
other accumulation covering up the ‘ forest;’ then it usnally 
happens, especially after such a state of the tides and weather as 
shall remove a part of the beach, that the trees and other vegeta- 
tion are alone visible on the shore at levels corresponding with 
those at which the tide may cut the general plane of the * forest.’ 
‘The extension of the trees and other vegetation seaward may never 
be known except in the case of a roadstead for shipping such as 
at the Mumbles, near Swansea, or on fishing-grounds, where the 
anchors or nets may bring up portions of them. In like manner 
inland their spread in such directions may only be made apparent 
by canals, docks, or other works cutting through the superincum- 
bent accumulations, as has been done in many localities. 
Although this movement over so considerable an area may not 
always have been tranquil, the very common state of the vegetation 
preserved would lead to the inference that it had very frequently 
been so; for, as in the following section (fig, 152), the trees a, a, 


Fig. 152. 
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4, may be often found among them, and the matted remains of 
branches, leaves, and various plants, as well as certain animal 
remains, such as the horns of deer and oxen, o, ¢, intermingled 
with the roots or accumulated round them, and constituting part 
of the old ground, d, d, are undisturbed. For further illustration 
the supporting rocks, ¢, e, which may be, and are of all kinds, as 
also some covering beds, f, f, supposed inland, are alsorepresented. 
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When an observer is studying any of the numerous situations 
where these ‘ forests’ are to be seen, it will be desirable that he 
aie : : es 


and to dhe agpeusen with, oc dilaseacs Gea ay aa 
similar kind now found in the vicinity, whether as regards kind or 
mode of accumulation; to the remains of animals found inter- 


part of the const of Tiree,* Hebrides, and of another in the Bay of 
Slaill,} Mainland of Orkney, though both exposed to the oor, 
furnish the remains of these ‘ forests” as well as the ramifications 
6 eptoaticy ei tho phones of the Entel ise saa 
and the low grounds of Lincolnshire and Cam! 

bounded on the eastern coast of England by ‘ tho Wash.’§ AS 
regards the tideless Baltic, trunks of oaks and pines (Pinus syl- 
vestris) and other trees, the roots in their natural positions, often 
several times above each other, and the whole five feet beneath the 
level of that sea, are found on different points of the coast near 
Greifswald, near Gnageland, on the south-east side of the Haff in 
the island of Usedom, and in the vicinity of Colberg. They are 
separated from the sea for variable breadths of coast hy sandy 


* The Kev. C, Smith, “ Edinburgh New Philosophical Journal, 1829. 





described by Mr, L, Horner (Geological Transotions, vol If. p. 380) who pointed 
‘out that many of the remains of trees wore rooted as they grow, while others were 
prostrate, some 20 fect in length. Remains of the Zostera oceanion were dispersed 
amid the vegetable mattor in which the trees oveur. Dr. Buckland and Mr. W. Dy 
Conybeare (Geological Transactions, 2nd serios, vol. 1., p. 310) mention oak, fir, and. 
willow trees, somotimes of large dimensions, partly rooted ax ‘er, gre at 
Prontrato, 16 (0 20 feet beneath the surface of the Bridgewater Level Purse 
‘and hasel trees with thoir auts are intermingled with them, 

§ The vegetable accumulations of this kind have long been known in Lincolnshire 
and Cambridgeshire. In 1799, M. Coron de Sorra desoribed (Philosophical Trans 
actions) the * submarine forests” of Lincolnshire as composed of roots, trunks, 
branches, and leaves of trees and shrubs, intermixed with aqua'ic plants,many of the 
roots still standing in the position in whieh they grew, while the trunks were Inid 
Prostrate. Birch, fir, and oak wore distinguishable, 
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the distribution of the terrestrial animal life as well as that of the 
plants of the time, Thus among the vegetable accumulations 
apparently of this date on the banks of the Humber remains of the 
red deer (Cervus Elephas) and the fallow deer (C. Dama) have 
been detected ; and in the * submarine forest’ of Minchead, Somer- 
setshire, the bones and antlers of the red deer are discovered amid 
the upright stumps of trees (chiefly oaks) now below the level of 
the sea and covered by it at high water, the trees rooted as they 
grew, The latter is especially an interesting circumstance, as the 
red deer are still found wild in the adjoining forest of Exmoor, 80 
that the change of level hus been effected since the red deer 
inhabited the district. Extending our researches into Cornwall, 
we find that a change of level may have happened, submerging 
in its place of growth, even after the introduction of 
man into Western England; for, at the Carnon tin streamworks, 
north of Falmouth, whence pebbles of tin ore have been ex- 
tracted from bencath the bottom of an estuary, human skulls are 
stated to have been discovered with the bones of decr, among the 
trees and other vegetable remains covering the stanniferous gravel. 
‘Trees, partly in their places of growth, their roots 
among the tin pebbles, have been sound 48 fect below high-water 
mark at the Pentuan tin stream works, Cornwall, covered by 
estuary and fluviatile accumulations, and which may be the equi- 
valent of the Camon bed,} not far different in depth beneath the 





* German Translations of De In Beche's Geological Manual. Pelicer-r i 


human skulls and romaine of deer, ret as ee of tin oro, and of quarts, 
slate, granite, &e., commonly termed the tin ground,—Henwood, “Trans, Geol 80. 
of 


At the Pentuan tin atroam-works, whore mining operations were continved under 
theteeclevl for tb extnolonof tho ore pbblin Coe vopvtailo manta the 
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same level. Whatever may have been the relative 
skulls were entombed, supposing the Carnon accumulation 
(athecpiermiemebadaeees Saree 


at Pentuan, it would still appear, 

rie et “that after the causes which 

i or stanniferous gravel (of Cornwall) had 

ceased, the relative levels of sea and land were such in this district 
that a growth of plants and trees, not dissimilar from that of the 
present day, took place upon the gravel, and that subsequently 
these levels became altered, so that the sea covered the lower parts 
of the valleys previously above water. In the creeks thus formed, 
silt, mud, and sand were deposited, entombing the remains of 
marine and estuary shells of the same species as those which now 
exist on the coast, and finally, from the continued drift of alluvial 
matter down the valleys, river detritus covered up these marine or 
estuary deposits when they had accumulated to the necessary 


As rogurds the British « sunk or submarine forests,” they not only 
show that red and fallow deer, species now living, roamed among 
them when they were above water und in full growth,and possibly 
that man may have been an inhabitant of Western England at the 
time, but also that they were tenanted by species of at least one 









roots of trees passing down to the ‘tin ground,’ was (at the Hi 
bout $0 feet below the level of low water, and 48 feet benenth 
apring-tides. The troes had beon snbmenged, 90 that wore found attached 
to their stumps. “The roots of the oak are in their natural position,” observes 
Mr, Colenso, "and may be traced to their smallest (bres (iu the tin ground) even <0 
oop as two fect; from the manner in which thoy spread, there can be no doubt that 


dispersed through this’ 
monly in leyers, present the appearance of their animals having lived and died 
places where their remains are now discovered, Above this accumulation follow fn 
asconding ards ys, abel ol end Sons tation Te, eceabes estore 
or clay, two feet thick; ¢, sand, 20 fect thick. (‘In all parts of this sand there are 


ea wand and silt, about 20 feet thick, extending to the surface, Mr, Colenso states, 
thats short ine before he deride seein (8m), che remaind af stow 
‘wooden piles had been found i this snd, sharpened for ihe purpose of driving, and 
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ese tusdosred which is now extinct. Of this evidence has been 

obtained in the ‘submarine forests’ on the coast of South Wales. 
Among other places where these are found on the shores in that 
district, there is a considerable tract of low ground extending from 
the mouth of the Neath river eastward beyond Port Talbot, fringed 
by a covering of blown sand-hills (fig. 64, p. 88). Beneath these 
and the low ground, natural and artificial operations have occa- 
sionally exposed the vegetable accumulation, the stumps of trees 
with their roots standing as they grew, with prostrate trunks, and 
the usual characteristics of the ‘ forest.’ On the surface of the 
clay in which the trees are rooted, foot-prints have been here and 
there detected, as if in passages amid the trees by which animals 
found their way through them, these foot-prints of various forms 
and sizes, some clearly those of decr, while now and then a large 
impression would be observed resembling that of some gigantic ox, 
haying feet spreading far more widely than any domestic ox, even 
of the largest size, now known. This is not an isolated fact, for more 
westward, (about 28 miles,) while docks were being constructed 
at the port of Pembre, Caermarthenshire, and some covering sands 
removed, the ‘submarine forest” which there occurs bencath much 
of the estuary of the Burry and Llwchwr was exposed, and similar 
foot-prints were found, some of a great ox mingled with those of 
the decr. Having attracted attention, drawings of these impres- 
sions were made at the time. As the horns and skull of the Bow 
primigenius were discovered near the same place, apparently 
derived from the same boda, it may'be. that the footprints men- 
tioned might have been those of this large animal. 

We would thus seem to arrive at a period for the growth of 
these ‘forests’ in England, when not only species of existing 
British animals then wandered among them, but also one, if not 
more, of the now extinct mammals,* leading into the times when 
elephants, hywnas, and other extinct quadrupeds also tenanted 
this country, Indeed, when contemplating from any of the ad- 
jacent heights the range of country which includes the estuary of 
the Burry and Llwchwr, with its ‘submarine forest,’ and also one 
of the limestone cayes of that part of the country, wherein the 
remains of hywnas, rhinoceroses, and other animals are found, the 
caye’s mouth fronting, and not far above: the range and level of 


* It bocomes interesting, as connected with the subject, to ascertain how far any of 
the localities where the antlers and bones of the AMeguceros Hibernicws aro found may 
be connected with the tracts of * submarine forests” The general evidence respecting 
thie gigantic and estinet deer would appear to be, that its remains are dircovered in 
fresh-water shell marls or gravels beneath existing bogs. HAE. 
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‘the ‘forest,’ an observer has some difficulty in very clearly defining 
the time when the forest grew and the red deer of the present 
time, the great extinct ox, and the rhinoceres may have ceased to 
be contemporaneous, anterior to the submersion of 
beneath the level of the adjoining ocean, in such 
not only the stumps of trees remained rooted in 
which they grew, but the foot-prints of mammals 
amid the forest of this period also remained uninjured during 
time when they were covered over by silt and sand, 

While thus there is evidence of a change in the relative 
of sea and land, by which the latter has been lowered several 
beneath the former along the oceanic shores of Europe for 
20° of latitude, there is also evidence of changes of levels on 
same coasts of the reverse kind, beaches and worn cliffs 
proof of them, and the remains of molluscs showing 
changes occurred after these were of the same speciés 
which now inhabit the adjoining seas. Reference has 
viously made to the mollusc remains of existing species 
entombed in deposits, of the inferred comparatively recent 
very cold condition of Northern Europe; a time when molluses 
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a submergence and emergence of the lands of the British Islands 
to the amount of 1,000 to 1,500 feet, and probably also of much of 


‘we are to suppose it slow, intervals of comparative stability inter- 
vening, the observer would anticipate much difference of level in 
tho cliffs and beaches he may discover, expecting nevertheless, all 
other circumstances being the same, that the cliffs and beaches 
would be the less injured in proportion as they were the more 
recent. 

The coasts of Europe present many examples of cliffs and 
beaches elevated above the present level of the adjoining seas, the 
beaches containing fragments of the shells of molluscs still in- 
habiting the latter. The coasts of the British Islands, from their 
position, and the variable conditions under which they ocour 
relatively to exposure to or comparative shelter from the Atlantic, 
and the variable rise and fall of tides, afford excellent opportunities 
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for the study of these cliffs and beaches. And with respect to the 
consideration of such changes of level, the alterations that may be 


effected by the conversion of an estuary, facing the tidal wave . 


coming in from the Atlantic or any other ocean, into a more spread 
area of water by submergence of the land, should be borne in mind, 
as also the wearing away of cliffs and the accumulation of beaches 
up to high-water mark, should an estuary be converted into land 
by an emergence. For example, if the land of New Brunswick 
and Nova Scotia were depressed beneath the ocean (and no very 
considemble submergence would be required), so that the tidal 
wave flowed freely over from the present Bay of Fundy to the 
Gulf of St, Lawrence, there would be an end of the causes (p, 78) 
producing the very high rise of tide in that bay, and, consequently, 
its plane of lines of cliffs and beaches. ‘I'he same would also 
happen, though on a minor scale, if the land bounding the British 
Channel, and its continuation, the Severn, was so depressed 
beneath its present relative level, that the great rise of tide (46 to 
50 feet) at King’s Road (Bristol) and Chepstow was no longer 
produced, the tidal wave sweeping onwards without much ob- 
struction, and passing round on the north and south of Wales, then 
ing an island. In such cases the inclined plane corresponding 
to the high-water mark would be depressed at different depths 
beneath the general level, In like manner the observer should 
well weigh the changes and modifications by which similar estuaries 
or bays during emergence from the sea may have such tides pro- 
duced in them as are now found, so that after having cliffs worn 
out, or beaches thrown up at some more equal level, these more 
inclined planes of the one or the other may be formed. The 
modifications of the relative heights at which cliffs and beaches may 
be contemporancously formed on.all tidal coasts, according to the 
general level of land and sea for the time, require very great care, 
ns also the probable conversion of tidal into tideless seas, and the 
reverse, tideless scas (employing that term with reference to tides 
capable of producing vory appreciable geological effects, and not 
strictly,) affording as a whole (due reference being made to the 
disturbing influences of winds) a better general level than the 
high-water line on coasts variably affected by the action of tides 
upon them. * 
From the effects, chiefly of atmospheric influences, by which 
* Teis much to be desired, that the governments of diffrent countries having soar 


coasts would, at convenient points, ascertain the level of moan tides (not « dithonlt 
operation), connecting the spots where this may be accomplished (as marks on tho 
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the sides of hills and mountains are decomposed and the dis- 
grounds, as in the following section (fig. 153), where certain rocks, 


6,2, slates, for example, decomposed on the surface of the hills, aa, 
are more or lex covered by this detritus, accumulating in de- 
pressions, such as the valley ¢, many a cliff’ and beach ig covered up, 
#0 that inland the opportunities are less frequent usually for obsery= 
ing them than near the sea, where a coast may be eo cut back 

breakers as to exhibit the beach and cliff beneath this kind of 
covering. Let, for illustration, the following section (fig. 154), 


Pig 14 
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one which is not uncommon in Western England, represent a 
raised beach, concealed by a covering, a, a, composed of 

rock and other detritus, descending from an adjoining hill; «, f, 
being the level of high tide. Should there be a large modern 
beach at ¢, so that the breakers have little access to the lower part 
of the modern detritus, a, a, even the subjacent rock may be 
covered at that point, 6; but should the breakers act freely, so as 
to cut back a cliff, then neither the first distance, 1, 1, nor the 
second, 2, 2, would expose the concealed beach, the latter only 
showing the subjacent rock at 3. When, however, the cutting 





coast itself at the actual level found may be in time obliterated from the action of the 
sea or atmospheric Influences), with copper bolt, or olker bench marks in, Orn Sore 
Inland cliff, religious edifice, or other bailding likely to bo preserved. By conseotinye 
such original bench marks, and others intend, by a carefully- considered system of 
Tevels, not only might any variations in the relative levels of soa and land be hereafter 
detected, but also mavementa of the like kind on the great, thongh tranqui, waale tee 
ascortained inland, the means of obtaining the neodful evideuce even. 

siderable distances intothe great continents. With this view the British 
for the Advancement of Solenoe had Linos of level run, in 1837-8, uniting bench marke 
connected with the tides in the English Channel at Axmouth, Devon, and im the: 
Bristol Channel, at Porteshead, near Bristol, and at Minchead. ‘Tho careful levels 
worked out during the progress of the Ordaance Survey in the British talons permit 


‘excellent conncotions with the Jovel of moan tides around. 
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* back had reached the distance 3,3, the beach may be well exposed ; 
but should the breaker action still further wear away the cliff’ to 
4, 4, then no trace of the beach would be left. The subjoincd 
section (fig. 155) of the Hoe, sin tos may serve to show how 
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this cun really happen. In it, d, d, represent the Devonian lime- 
stones of the locality, on a part*of which the beach, ¢, reposes, 
about 30 feet above the present high-water mark, containing the 
remains of shells of the sume species as are now found in the ad~ 
joining sea, At a, this is covered by angular fragments of the 
limestone of the hill, derived from the decomposition of its upper+ 
part, of the same kind which fills up a cavity above at a’. At f, 
the old cliff is seen behind the beach, ¢. This section was exposed 
by blasting away the limestone rock, taken away for use in large 
quantities,” 

‘The following section of part of che Cornish coast near Fulmouth 





affords a useful illustration of the manner in which a raised beach 
may be covered by the detritus falling over from the hill above; 
in this case over the face of an ancient cliff, which would be 
concealed except from the wearing away of the coast by the 
breakers. ‘The section is exposed between Rosemullion Head and 
Mainporth, and the angular detritus, ¢, of slate and more arenit- 
ag aesdlngptiaroermerrecty totes ce 
over the cliff, 6, and the beach, a; in all ts corresponding 
with those in the adjacent coves and bays. In this section, the 
observer also finds a low level of rocks, ¢ a, formed at the time 





* The soction is given ns soon in 1840. ‘The raised bench was composes of pobblos 
‘of limestone, slate, reddish toh (rurig in ls nance far of Ppa 
Sound), and red sandstones, all rocks of the vicinity. Weneath the 

whero a sandy prolongation of thiv raised bench occurs, it ie chiefly formed of frag 
ments of mallets, of ia sare kinds apgarvatly se thove fo the Sound aeining, 
Other mised beaches arc soon on the coasts of Plymouth Sound, ax under Mount Edgo- 
eumbe, at Staddon Point, and nearly opposite the Shag Rock, on the eastern side, 
angular detritus of the wAjacent hills covering them all. 
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when the breakers, at another relative level, were cutting back 
the ancient cliff, 5, as similar planed portions of rocks are being 
now cut back on the same coasts at a lower level. Not far distant 
also, on the same coast, at a place named Nelly’s Cove, the sub- 





joined section is exposed, wherein @ is the mised beach, 6 the 
supporting rock, and ¢ the angular deposit derived from the rocks 
above, and which, as it accumulated, slid into a form corresponding 
with that of the beach beneath and the old cliff behind, the eover- 
ing detritus, the beach, and the supporting rocks being all now in 
the process of being cut back by the heavy breakers of the adjacont 
sea. These in time will obliterate all traces of the beach, its 
covering, and the old cliff, leaving nothing but a bare wall of the 
rocks now behind the whole. 

When formed of calcareous substances, either limestone pebbles 
of various sizes, or of comminuted sea-shells, raised beaches are 
sometimes as highly consolidated as the rocks which may support 
them, carbonate of lime thrown down under fitting conditions 
from a solution in water of the bicarbonate by means of carbonic _ 
acid (p. 13) cementing the whole together. Of the consolidation 
of axaised beach formed chiefly of comminuted sea-shells, that at 
New Quay, on the north coast of Cornwall, has long been celebrated. 
‘The following (fig. 158) isa section seen on the Look-out Hill, 
a, a, a, being slaty and arenaceous beds (dipping at a consideruble 
angle) upon which the beach, 4, composed of rounded pebbles of 
the adjacent rocks, cemented by consolidated sea-shell sand, 
At ¢ are layers of the same comminuted gea-shell and sand, not 
uncommon on the shores and blown sandy dunes of the nojj 
bouring parts of Cornwall, the lowest layers being much consoli- 
datel.* These are covered at d by an accumulation of 
fragments of rocks derived from the hill above. The present leve} 





* ‘The consolidation of these sands has been previously mentioned, note, p. G2. 
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of high tide is shown by the line, ¢. In this case there would 
appear to have been some modification in the condition of this part 





of the coast, permitting the deposit of the layers of comminuted 
seashells after the time during which a shingle beach was formed, 
and prior to the accumulation of the covering of angular fragments ; 
perhaps, a time when blown sands were drifted over it, as in parts of 
the adjacent coasts at the present day, where such sands aredriven 
oyer the shingle of ancient beaches now removed from the action of 
the sea. This view is supported by a section (fig, 159) in Fistral 





SRA SAAS 
Bay, part (on the western side) of the projecting lund on which the 
- other section (fig. 158) ie exposed, and where slates and more are- 
naceous beds, a, ¢, forming a portion of the same mass with those 
exhibited beneath the Look-out Hill (fg. 158, a, a, a), eupport 
rolled pebbles, often of large size, mingled with emaller gravel and 
sand, the whole constituting a kind of beach, 4. ‘This is surmounted 
at ¢ by froquent alternations of fine gravel and sand, some of the 
layers of the latter being more consolidated than others, At d, 
the sand is less indurated, and at the extremities of the dunes on 
the north and south become mingled with angular fragments of 
rocks derived from the adjacent hills. In this instance there 
would appear evidence of a portion of a sea bottom, adjacent to 
the coast, having been elevated when the beach at the Look-out 
Hill was uplifted. 

Still keeping to the north coust of Cornwall, as it appears useful 











samen cren of nisol eat Gem tame een eee 
into the condition of a range of oceanic coast, with its modifications 
of shingle beaches at the foot of cliffs, shallow shores with their 





Bay, sandy dunes, accumulated’ when the relative level of 
Sag pe alge degen gee than it 
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near Gwythian, where a cliff of hard rocks, rising 
above .the present high-water mark, is aetaged part 
ancient beach, with old sandy dunes above it, After this 
the slope of the coast was such that on the south-west, in 
direction of Hayle and Lelant, conditions for the production 
sandy dunes still continued, so that in this mass of blown sands, 
three miles in length, modern are partly driven over the older 
sccumulations on the sides and in front of the valley between 
Gwythian and Godrevy Head, towards which, near an 
excellent section of a raised beach was, in 1838, to be found. 
Masses of sand on coasts, acted upon by winds, and apparently 
not produced by existing conditions on such cousts, have not always 
been accumulated as blown sands and then elevated; as, for ex~ 
ample, at Porth-dinlleyn, on the coast. of Caernarvonshire, where a, 
mass of sand covers a clay and gravel, of the deposits termed 
glacial, (p. 280,) and might, at first sight, be referred to mised 
sandy dunes. Careful investigation shows that this sand is an 
elevated sea-bottom, layers of a harder and more argillaceous kind 
being interstratified with the more loose sand, and retaining all the 
perforations made by marine animals when these layers were at the 
bottom of the sea. Breaker action is now removing these sands, 
brought within its influence by the elevation of the land, and does 
not assist, with the wind, i in forming sandy dunes, "These aang 
only constitute a portion of raised sea-bottoms, formed of either clay, 
sand, and gravels, with larger blocks of rock, dispersed over the 
adjoining land, 
‘A raised beach of a very instructive kind was long since (1822) | 
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described by Dr. Mantel,” ea cocurting/ neat Brighton, hers cd, 
elevated several feet above the sea, rests upon chalk, the rock of 
the coast, in the same manner as the beach at Nelly’s Cove, Fal- 
mouth (fig 157), reposes on the old slates and accompanying beds. 
‘The beach near Brighton is backed by an ancient cliff of chalk, 
and, above the beach, challe rubble, loam, &c., obscurely bedded, 
contain many tecth and bones of the fossil elephant, whence the 

name “ Elephant Bed” has been given it. Rolled pieces of chalk 
and limestone are discovered the pebbles, * full of perfora~ 
tions made by boring shells.” ¢ in 1bta tase abated WEE 
appear to have been formed prior to, or during the existence of, 
the mammoth in Britain. 

With regard to the fossil contents of these beaches, they afford 
much information as to the exposure of the coasts of the time to 
differences in the range of sea to which they may have been open ; 
tidal streams and ocean currents being modified by alterations in the 
distribution of land and water, Professor E, Forbes informs me 
Riese Sil alc of to sled benches on CO 
are, in many cases, those of species which, though still living in 
the British seas, present a more southern character than the mol- 
luses now existing in them, and that they are confined to districts _ 
more southern snd western than the Frith of Clyde. He thence 
infers a change in the direction of the currents from the south, 
(especially in that known as Rennell’s current,) this change being 
probably due to the conformation of the const lines of the time, 

It is desirable, as has been done by Mr. R. C. Austen,} to con- 
nect these raised beaches and elevated sea-bottoms of the same 
geological dates, and the submarine or sunk forests, with the 
present state of the seas adjoining or covering them, After care- 
fully considering the subject, Mr. Austen shows that although the 
distribution of the detritus derived from the present coasts of 
France and England, in the English Channel, and from 
and Ireland on the sea-bottom to the south of the latter, with the 


cordance with the arrangement which would be expected from 
breaker and wind-wave action and tidal streams; there are, 
especially in the central parts of the English Channel and on the 
outer range of the 100 and 200 fathom soundings towards the 


| 
* Yosuils of the South Downs 1822, 
+ Mantel, Wonders of Geology,” 6th sit (1848), p. 18 whore a sestion and 

dotailed. are given of the raised beach ut Brighton, east of Kemp 





Town, 
1 “On the Valley of tho Englinh Channel ;" Journal of the ‘Geclogical Sonlty ot 
wol. vi, p. i). 
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‘Atlant, bare rocks, shinglon and coarse qqmtted, endl the sBEIWTOE 
littoral molluses so occurring as to point to the submergence of 


Shu aon af nos betting Cty aches Resoes eae nea | 
wards to the shores where they are now discovered, but to take a | 
more general view of them as parts of submerged dry land ; one 
which would better accord with the coarse detritus at depths, or in 
situations, where existing wind-wave action and tidal streams 
would not transport it, and also with the remains of littoral mol- 
luses, Patella vulgata, Littorina littorea, ge., found in similar 
situations, The evidence adduced shows very uneven ground out 
wards, especially towards the Atlantic ; strove one tees by 
varied detrital deposits, partly the adjustment of existing oi 
cumstances, partly the mixed result of these and former conditions 
when the present sea-bottom was more elevated, even fermi 

land connecting the British Islands with the continent. Without 
a proper chart * showing the condition of the sea-bottom around 
the British Islands, it would be difficult to convey a correct idea of 
the inferences to be derived from it; but, as illustrating a portion 
_of this bottom, Mr. Austen remarks, that “ within a distance from 
the summits of the Little Sole Bank, (parts of which rise to within 
50 and 60 fathoms on the south of Ireland and off the mouth of | 
the English Channel,) not so great as from the top of Snowdon to | 
the sea, soundings have been obtained of 529 fathoms (3,174 feet) 5 

in other words, the Sole Bank rises from that level to nearly as 
high, and more rapidly, than does the mass of Snowdon from the 
sea level of the Cacrnarvon coast by the Menai Strait.” > 

*# The observer should consult the chart appeniled to Mr, Austen's Memoir, in which 

a large amount of valuable information relating to the sea-bottom of the area noticed | 
in guthorod together. 
+ “The character of the greater part of the channel area,” continues Mr. Austen | 
Se 
gravel and shingle, and presenting much such an admixture and arrangement of 
aunterials as we may observe at present over the Bagshot district of deposite ; whillat 
along the opening of the chaunel there is an obvious configuration of hill and valley, 
and an amount of inequality equal to that of the most mountainous part of Walew”— 
Journal, ko. vol. vi. p. 85. 

Taferring to tbe ‘examination of the range of the 900 fathom line fram 
Finisterre to the porallel of the Lisard, undertaken by Captain Vaohello in 1823 
and 1829, Mr. Austen points out that the irregularity of soundings at this line, which 
‘nuns at a comparatively short distance, a4 we have olsewhere remarked 
in Theoretical Geology, p. 190), outside that of 100 fathoms, (reproented In figm. 6 
and 9%, pp. 91 ond 261,) Is far from being confined to one spot, but ranges nat only 
southward, as shown by Captain Vanhello, bat also to the northward. A roferénee 
to fig, 90) p. 201, will show that the Kockall Bank, westward of Ireland, uel Fewin= 
‘bles an Island under water; an uprise of only 600 foot would mako it one, 
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Amid the complications which may arise in coasts where there has 
been gradual elevation of the land above the mean tidal level of the 
ocean, from the tidal differences above mentioned (p, 453), from. 
the variable exposure to breaker action, as the shores 
sheltered at one time and more exposed at another, from the 
amount of concealment of sea action on the surface of land caused 
by atmospheric influences, combined with running watens, and 
from unequal elevation of the land itself, the observer will, no 
doubt, require much caution while endeavouring to trace the line 
of coast of any one particular time. This will especially be the 
ease when there have been oscillations, as there is frequently 
reason to conclude there have often been, during a time when the 
molluscs of adjoining seas continued to be much the sume as now 
found in them, 

In the Scandinavian region, where a slow rise of land (p. 439) 
is now taking place more on the north than on the south, and 
where surface changes, of no great geological magnitude, by which 
the land now separating the Baltic from the Atlantic could so easily 
convert a tideless sea into a branch of the ocean (a tide rushing up 
the Gulf of Bothnia and producing its effects in the same manner 
as ia now found in the Bay of Fundy), traces of elevated mnges of 
const are econ, which are the more interesting, as they serve to 
connect former movements of this kind with that now taking place. 
Respecting the evidence on this head, a very valuable summary 
and general view will be found in the observations of M. flie de 
Beaumont on the researches of M. Bravais (connected with this 
subject) in Seandinavia.® Shells of mollusos now found living, as 
littoral species, on the shores of Norway, are discovered raised 518 
(English) feet above the sea in the province of Drontheim, 482 
feet at Skisldal and Hellesatin, 360 feet around Lake Odemark, and 
206 feet at Uddevalla. Lines of erosion are also inferred to mark 
the former relative levels of sea and land on the Norwegian coasts, 
Tn Finmark traces of an ancient line of sea-coast were followed 
from Alten Bay to Hammerfest. These consisted of beaches and 
worn lines of rock, forming the section of a plane so inclined that 
while on the south of Altentiord it rose 221 feet above the sea, it 
descended to 94 fect near Hammerfest, Beneath this first line was 
a second, 88 fect above the sea in the former locality, 46 feet at the 
latter, both these lines falling from south to north, the reverse of the 
movement now taking place in northern Scandinavia, M. Bravais 

mt 2° vo. xy po SIT (1842). on the Memoir of M. 
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these more marked lines, which are not exactly parallel with 
other, though they may appear so for short distances, showing the 
observer the necessity of exact measurements in researches of this 
kind. 

With reference to the erosion of rocks in connexion with raised 
beaches in an oceanic situation, and where sea levels are not 
to have been much disturbed by changes, altering tidal action 
during the amount of clevation of land inferred, attention may be 
called to one of the carliest observations of this kind by Captain 
Vetch, at the Island of Jura, Hebrides. He there found six or 
seven lines of raised beaches, the highest about 40 feet above the 
present high-water mark. The beaches are composed of 

of quartz rock (that of the island), of about the size of cocoa-nuts, 
and they are precisely similar to those which constitute the present 
beaches'on the Loch Tarbert side of Jura, where these raised beaches 
ave well seen, Their aggregate breadth varies “ according to the 
dizposition of the ground: where the slope is precipitious, it may 
be a hundred yards ; where gentle, as on the north side of the loch, 
three-quarters of a mile from the shore,”* The beaches repose 
partly on bure rock, and partly on » compound of clay, sand, and an= 
gular pieces of quartz rock. Captain Vetch observed that caves are 
found at the same level on the north side of Loch Tarbert, ata 
considerable height above the sea, and as he had never scen caverns 
formed in the quartz rock of Isla, Jura, or Pair Island (Hebrides), 
except on the shoro, he considers these to have been formed at the 
time when the relative Icvels of sca and land were such as to cut 
the line of the caves. 











* Geological ‘T'ynnsactions, 2nd series, vol. |. 


CHAPTER XXV. 


TEMPERATURE OF THE EARTH.—TEMPERATURE OF DIFFERENT DEPTHS IN 
SIBERIA. —TEMPERATURE FOUND IN ARTESIAN WELLS.—MHEAT OF WATERS 
RISING THROUGH FAULTS AND OTHER FISSURES.—VARIABLE TEMPERA 
‘TORE FROM UNEQUAL PERCOLATION OF WATER THROUGH BoCKS.—rEM- 
PERATURE OF WATERS IN LIMESTONE DISTRICTS. 


As the temperature of the earth may have an important bearing 
upon conclusions which an observer might feel’ disposed to form 
respecting the causes of certain phenomena which he may be in- 
vestigating, it is desirable that he should carefully direct his 
attention to it, so that its full value, asa geological agent, may be 
duly appreciated. Mention has been above made (p. 206), of the 
heights above the leyol of the sea at which, with certain modifica 
tions, water remains in a solid state, Independently of the well- 
known action of the sun on the surface of the earth, it is found 
that, after due allowance has been made for the temperature thus 
produced, there is another temperature, commencing at certain 
distances beneath that surface, the ewuse of which appears to require 
another explanation. Diurnal variations of temperature are con= 
sidered not to extend, viewing the subject generally, to a greater 
depth than about three feet, and annual variations are inferred to 
cease at from 65 to 70 or 80 fect, Beneath depths not much 
differing from the latter, the temperature of rocks has been found 
to increase in mines, as also in the perforations into the ground 
commonly termed artesian wells. The rate of this increase of tem- 
perature has been found to vary, as might be expected, from certain 
local causes, such as the relative exposure of the mass of ground 
examined with respect to the form in which it may project into 
the atmosphere, should it be mountain, its proximity to any par- 
ticular source of heat, such us a volcanic region in activity, and the 
different circulation of water amid its parts, vither among fissures 
or through beds of rocks of variable porosity. 

We have seen (p. 291) that in the colder regions of the 
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20 that, while at 75 fect beneath the surface it was 21°-2 (Fuhren- 
heit), at 378 fect it was 31°-1, The circulation of water in mines 
can scarcely otherwise than produce modifications of an 
kind as to the exact rate of increase of heat downwards, though the 
fuct itself, in its generality, may be evident, since the excavation 
of the mine, and the necessity of keeping it clear of water while 
its works are in progress, will cause water to descend from the 
surface downwards, more or less bringing ite firet temperature with 
it, to the depths whence it is again raised to the surface.* Tn dis- 
tricta, such as those of mines often aro, broken by numerous fis 
sures, this introduction of surface water, continued for a long time, 
may produce very modifying influences. Still much may be ae~ 
complished, with care, in mines, by selecting portions of rocks 
of the more solid kinds, and in situations where the temperature 
produced by the miners, their lights and their works, especially 
those carried on by blasting with gunpowder or gun-cotton, may 
cause the least amount of error in the needful experimentat 








+ In some mining districts, the descent of water from the surface ond 
‘the stoppage of its progress upwards from depths beneath the mining 

‘beon found so to intercopt the outflow of the previous natural springs, as to be pro- 
ductive of much inconvenience to the inhabitants, with respect to their supply of 
water for household purposes. 

+ M. Cordier, who hax pald great attention to this subject, adopted the following 
method of obtaining the temperature of the rock itself, in certain coal mines in 
France. ‘The thermometer was loosely rolled fn seven turns of tisiue-paper, closed 
at bottom, and tied by a airing @ little boneath the other extremity of the insirumenty 
40 that so much of the tubo might be withdrawn as might be necessary for: 
tion of thescale, without fearing the contact of the air; the whole contained fn. 
case, ‘This was introduced into a hole from 24 to 26 inches in sean oh 
diameter, inclined at an angle of 10° or 15°, so that the air, once entered into the 
hole, could not be renewed, because cooler, and ‘consequently heavier, than that of the 
levels or galleries. The thermometer was kept a nonzly an neoeiie a Bit 
cof the rock, by first plunging it amid pieces of rock or coal freshly broken bet! 
holding it 6 few seconds at the mouth of the holo, into which it was afterwards shat, 
strong stopper of paper closing the aperture. "The thermometer uaually beet! 
the hole about an hour.— Eesai sur la Temperature de In ‘Terre 2” Mémoires de 
M'Acadamie, tom, vi. Other observations have been made on the tomers sl 
rocks in mines In various ways, and among them, holes, a yard or more iu depth, have 
‘been drilled in convenient situations, and the temperature observed for a given perkod, 
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Artesian wells have been found very valuable in affording in- 
formation aa to the temperature of the earth at different 8 
in certain localities, the bore-holes and the waters rising in 
showing an increase of temperature with the depth. Though nu- 
merous experiments have been made upon the heat found at 
different depths in these wells, few have attracted more attention, 
from the care taken in conducting them, the kind of ground per- 
forated, and the depth of the well itself, than those at Grenelle, 
near Paris, The rocks traversed consist of successive beds of 
various kinds, a thick one of chalk being among the most prominent, 
and are situated far distant from any volcanic vent or any known 
disturbing cause of that kind, After exhibiting an increase of 
temperature downwards, as the work proceeded, it was found by 
‘MM. Arago and Walferdin that when the well had reached the 
cretaceous clay known as the Gault, at the depth of 1,657 feet, the 
tem was 79°-5 (Fahrenheit), and it became 81°-7 lower 
down, at 1798 feet.” 

With respect to the temperature obtained in artesian wells, it is 
desirable that the mode of occurrence of the rocks of the district in 
which they may be situated should be carefully considered, so that 
the rise of thermal springs beneath the mineral accumulations 
traversed may not complicate the heat found. As, for example, 
should it happen that in a country affording a section similar to 
that beneath (fig. 160), a scrics of nearly horizontal deposits 6, ¢, 


Fig. 160, 





rests upon a previously-disturbed assemblage of beds, d, traversed 
by faults, ¢ and f, formed prior to the accumulation of the 

beds, 6, ¢, and that thermal waters rise through these faults, as 
they often do, and as previously noticed (p. 22), the ordinary 
supply of rain water entering at g, and passing toa lower porous 
bed ¢, the temperature of the earth at any artesian boring, situate 
ut i, might, to a certain extent, be obtained, while another well 
sunk at, being immediately near a supply of thermal water through 
the fault ¢, would give a more elevated temperature, the higher in 





* It is caloulated that, taking the tant temperature (53°) of the eaves of 
ars Obveratry, 0) fet Death the safc, thse temperatures would psd) 
Incrense | rate centigrade (1's Fahrenheit), for 32°: metres, nearly 
106 Egliahfoet (108 feet 1-609 Inelen). © me ; 

a 





il 

















proportion to the volume and velocity a "Bik the 


oolitic series of that country, the smuciace of, the frastared bell eats 
torted rocks being covered by the nearly horizontal beds of these 
deposits, and as the thermal waters of Bath (116° Fabrenheit) 
appear to rise through one of the old fissures, a ready vent for them 
seaming, theodgh the supedommnben bend at ae 
‘The observer would do well to search in such suspected districts 
for the temperature of waters pouring abundantly through any 
faults as atk. And it is worthy of remark, that in the district + 
above noticed, a thermal spring (temp. ee 
older broken and disturbed rocks at the Hotwells, Bristol. 
Regarding the temperature found at different depths in artesian: 
wells, and the variations sometimes observed therein, it will have 
to be borne in mind that the different seams of rock whence water 
may be obtained, though not in sufficient abundance for the 
supply eought, will, from any different porosity in them, only 
permit waters to permeate or flow through them in such 4 manner 
that a given quantity can pass through each in a given time, thus 
influencing the circulation of any heat which they may carry with 
them from one part of a series of beds to another. ee 
section (fig. 161) represent that of certain beds of rock 
in sinking an artesian well, a, a being clay, such as the London 
clay; 6 a porous bed of sand and gravel, gathering surfice 
waters at ¢; d chalk ; ¢ sands receiving surface waters from f; 
g clay or marl, and i other sands or gravel gathering surface 
waters at A, we have very different porosities of the beds 
~ Fig, 161, 





* 
which can permit water to pass somewhat freely through them. 
Upon perforating through these beds, as at m, their relative per- 
meability to water would influence the temperature in such an 

artesian well, a highly-porous bed, 6, carrying its surface waters 
more readily to the well, to rise through it, than the chalk, a, 


4 





(Ca, XXV.] UNEQUAL PERCOLATION OF WATER THROUGH ROCKS. 457 


beneath ; ag would probably also happen with the sands lower down 
ate. Ta all cases of this kind, an observer has to allow for the 
friction of the water through, and capillary action in the rock, 
which can only permit the circulation af this water according to 
needful conditions, so that it can only be delivered into the artesian 
well at acertain rite in cach case.* In the section (fig. 161), a 
sinaller well is represented as sunk at n, to the sands, ¢ f, and on 
the bend of the beds, where, in consequence, the heated waters are 
more able freely to ascend, and be replaced by heavier and colder 
water, always supposing the whole to have a temperature above 
40° Fahrenheit. In this case it might be inferred that, from the 
greater facility of percolation from the surface, f, to the bottom of 
the well, , on the one side, the water would produce a lower tem- 
perature in the rock through which it passed, than in the same bed 
of rock at m. Ato and p, part of the curves of two porous, inter 
stratified with less permeable beds, & 7, are represented, (forming 
thus, as it were, flat pipes,) for the purpose of showing that, if the 
eurve were continued downwards on the left, water percolating in 
them, heated beneath, and not easily escaping upwards, might 
possess a somewhat higher temperature than at the same 

from the surface in the adjoining beds, (supposed, for illustration, 
to be equally porous,) not having the same facilities offered for 
obtaining, by circulation according to temperature and densities, 
colder waters from above. 

‘To whatever extent water, permeating amid rocks, may modify 
their temperature, the greatest density of water will have its 
influence. In all regions where the annual temperature is such as to 
exceed that of the greatest density, however the surface, and 
corresponding depths beneath, may be acted upon, after 60 or 80 
fect, the hotter wuters would tend to rise and the colder to descend. 
In those, however, where the temperature is such that the water 
takes a contrary course, instead of cool waters descending to modify 
any heat which the containing rock might otherwise possess, they 
would ascend. For example, in the Siberian shaft (p. 291), 
descending beneath the 378 feet at which a temperature of 31° 
was obtained, and allowing the same rate of increase as was found 





* Ie ts often practically found, 18 borings for common wells that the ralative 
porosity af the rock or rocks traversed, and 2k ee aE Te 


Satearavpudet. reeks rocks generally ure But tiers of various degrees 6 porosity, 
Boe fon moni tar a nln soot sett t= 
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from the depth of 75 fect, namely, about 1° 
Bye: i woald coly base AN a 
at 39°-5 (Fahrenheit) would be found, 
As to the springs which rise from fissures, such as thote above 





‘ 
clay, 4 4’, the rain-waters, absorbed by the former, are prevented 
from permeating downwards by the latter, 0 that the water. nob 


hill, at the top of the subjacent clay. Should another sundstane, 
or any other rock, through which water may readily percolate, ¢ e', 
» oceur beneath the clay, this porous stratum also based upon an 
impervous bed, d d’, the atmospheric waters, with any water 
derived from the springs above and absorbed by the lower porous 
rock, could alone find « natural outflow, as springs, on the side of 
the hill d ¢; while in the opposite direction, d’ ¢’, they would 
saturate that portion of the bed, laterally aiding, by their super- 
abundance, if we infer the needful facility of passage, the springs 
between ¢d, The dotted line ¢ ¢', representing any depth be- 
neath which an uniform temperature is preserved throughout the 
year, should water percolate slowly to the surfice, there would be 
—all other things being equal—a tendency between @ and 6, and 
cand d, on the one side, and a and 4’ on the other, to have springs 
issue with nearly equal temperatures. At 1, also, if a well be 
sunk, the temperature of the water being within the depth of 
Sette rae of ewe of Secperatore recy nerlyoofockdes with that abet 
+ It ts commonty needful to clear away the ground, so that a thermometer may be 
plunged in the water whore it rises amid the rocks themselves. And this ls especially 


‘necessary when the volume of water is far from considerable, and flows Repti) 
‘Thone thermometers in which the bulb and a portion of the glass project 


graduated scales, when handled carefully, will be found the most useful 
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variable temperature, we should expect it to be much of the same 
kind, the supply being derived laterally from the same reservoir 
which supplied the springs between ¢ and d, and the impervous 
bed d (impervious so far as regards the ready passage of water 
through it) preventing appreciable communication with, and cir- 
culation of, waters of a higher temperature beneath. Should 
waters find their way, as springs, by means of joints or fissures, 
from the reservoirs in both porous beds, a and ¢¢, beneath the 
line of variable temperature, more rapidly in some places than in 
others—or the beds themselves differ materially in the facility with 
which water can pass through—vuriations may be expected, im- 
portant or not, according to circumstances, in the temperature of 
springs issuing from them. All other things being equal, the lower 
reservoit—assuming that the temperature increases from the sur 
face downwards—would be expected to supply the water with the 
more elevated temperature. It becomes needful, therefore, that 
after other conditions have been ascertained, the quantity of water 
delivered by a spring in a given time, and the rapidity with which 
it flows, should be duly regarded. 

With respect to the temperatures of those waters which, in lime- 
stone districts especially, rush out, often in considerable volume and 
with much force, from subterranean channels, and which result 

» from the loss of many minor streams and of rain-water amid fissures 
and cavernous rocks, they may be often very deceptive. Should 
the waters have been absorbed partly as streams, previously ex- 

to the temperature of the climate of the region, and partly 
derived from slow percolation through chinks, joints, and the minor 
cavernous structure of the rock, a mixed heat would follow, aflord- 
ing no correct data as to the temperature of the subterranean chan- 
nels through which the waters have passed. When, also, the whole 
is derived from the absorption of atmospheric waters by channels of 
various kinds, the rapidity of passage of the waters downwards to 
the great drainage stream, and the differences in this respect have 
to be considered, as also the chances, not uncommon in some dis- 
ticts, that great fissure waters, derived from considerable depths, 
may not be mingled with the general volume of those di 
Hence much care is required in investigating the temperatures of 
waters thus discharged, however desirable it may be that they 
should be properly ascertained. 

While on the one hand the observer has to regard the adjustment 
of water, permeating amid the fissures and joints, or the mass of 
rocks, to ite greatest density, and the variable mechanical manner 
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in which this may be effected, he has also to consider the depths at 
which water itself may cease to exist; assuming the increase of 
temperature from the surface downwards, whatever its rate, locally 
or generally, to be certain, as the general evidence would lead us to 
believe. Shoal it be Sterne th eee 
usually supposed probable, namely 1° Fahrenheit . 50 to 
60 feet, is too great, and that sufficient information as to this rate has 
not yet been obtained, if we take only 1° for every 100 feet, we still 
seem to obtain a comparatively minor depth, allowing for increase of 
pressure from the superincumbent water, with the friction on the 
sides of any fissures, for that portion of the earth’s crust in which 
water may be considered to circulate under the most favourable con= 
ditions, ‘Taking the ordinary mode of calculation, allowing for pres= 
sure at increased depths, and assuming every facility of movement 
of the waters in a fissure, it may be estimated that at a comparatively 
moderate depth steam would be found instead of water. 

Waters in fissures, rushing upwards with » rapid rate of outflow 
and in considerable volume may (as noticed p. 19) bring with them 
a greater temperature than those finding their way upwards with less 
velocity and in smaller quantity, the one heating the waters com- 
municating with them laterally in their course upwards, beyond 
the temperature due to the containing rocks themselves, and the 
ordinary percolation of water through them; the others being 
cooled by these lateral waters. In certain districts, such as those 
where volcanic fires have once found vent, and which may be now 
concealed by various overspreading aqueous accumulations, there 
may be influences of this kind much modifying the exact depths at 
which certain temperatures would otherwise be found. No doubt, 
supposing a general source of heat to exist in the earth governing the 
outer temperature of ity crust on the great scale, these would be 
merely local variations, yet, when endeavouring to ascertain the 
distribution of heat in the globe, all such variations require attention, 
v0 that the disturbing circumstances may be duly separated from the 
ezsential causes of the increase of heat downwards from its surface. 
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MODE OF ACCUMULATION OF DETRITAL AND FOSSILIFEROUS ROCKS.—-DETRITAL 
ROCKS CHIEFLY OLD SEA-BOTTOMS,—MUXTORE OF BEDS WITH AND WITHOUT 
FOSSILS.—VARIAILE MODE OF OCCURRENCE OF ORGANIC REMAINS. — SEA 
BEACHES OF THE SILURIAN AND DEVONIAN PERIONS—OF THE NEW RED 
SANDSTONE TIME, MENDIP HILLS, ETC—OF TRE LIAS PERIOD.— VARIED 
MODES OF OCCURRENCE OF THE LIAS—BORING MOLLUSCS OF THE 1N- 
FERIOR OOLITE TIME,—OVERLAP OF INFERIOR OOLITE, MENDIP HILL8.— 
LTAS CONGLOMERATE PIERCED BY BORING MOLLUSCS.— LAND OF THE TIME 
OF THE LIAS.—EVIDENCE OF LAND FROM FRESH-WATER DEPOSITS,—EF- 
PECTS PRODUCED ON COASTS, RIVERS, AND LAKES, NY CONTINUED ELEVATION 
OF LAND ABOVE SEA.—ELEVATION OF LAND OVER A WIDE AREA.—EFFECTS 
OF CLOSING THE STRAITS OF GIDRALTAR,—UNEQUAL ELEVATION OF 
LAND.—LAKES ON THE OUTSKIRTS OF MOUNTALNS.—MIXTURE OF ORGANIC 
REMALNS OF DIFFERENT PERIODS FROM SUBMERGENCE OF LAND,—VARI- 
ABLE EFFECTS OF SURMERGENCE OF PRESENT DRY LAND, 


‘Tur observer, having well considered the manner in which the 
accumulations of mineral matter are at present effected, chemically 
and mechanically, through the agency of water, as also the mode in 
which the remains of animal and vegetable life may be entombed 
amid such accumulations, has to study the various layers, bed, or 
other forms of mineral substances formed by aqueous means, and in 
which organic remains are more or less distributed in various parts 
of the world. In one respect he hasan advantage over his previous 
investigations, inasmuch as while he could then often only infer 
that which takes place beneath seas and lakes, he has in these rocks 
frequent opportunities of obtaining direct evidence of that which 
actually occurred beneath them, the large proportion of these beds 
being the bottoms of various seas or bodies of fresh water, deposited 
over each other, and subjected to variation from local causes, 
Tnasmuch as the dry land of the world is thus little else than the 
bottoms of’ seas and lakes, intermixed with igneous matter vomited 
upwards at different times from beneath the surface of the earth, 
some of the latter spread st once on this surface, at other times 
only laid bare by the removal of superincumbent deposits, the 
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them as may best accord with the evidence which, from time to time, 
he will obtain. No matter how highly raised into mountains, or 
slightly elevated in plains, these ancient bottoms of oceans, seas, 
and bodies of fresh water may now be, they did not constitute dry 
Jand when formed, and consequently waters once occupied the areas 
where they now occur. We have seen that, to produce detrital ac- 
cumnulations, certain conditions of dry land are needed, whence their 
component parts have to be derived; and, therefore, to form the 
ancient sea-bottoms of any given time, dry land appears required 
out of an area so circumstanced, and yet so near to it as to afford 
the materials found, Considerations of this kind demand an en- 
larged view of the physical geography of different geological times, 
and such a disregard of the existing distribution of land and water 
that while all due weight is allowed for the employment of a given. 
amount of mineral matter, over certain large areas, in the produe- 
tion of detrital accumulations of different dates—the wearing away 
of one portion mised above the ocean presenting materials for an 
equal and subsequent deposit beneath it in an adjacent situation ; 
and consequently, that oscillations in the relative levels of the ex~ 
isting areas of our present continents may keep such matter much 
in one large area, the mind of the observer must not be too much 
occupied by the present arrangements of land and water on the 
surface of the earth. 

While evidence is sought amid detrital or fossiliferous accumu~ 
lations, of the mode in which the mineral matter of rocks has been 
chemically or mechanically gathered together, and the observer 
endeavours to trace among them former beaches, estuaries, bays, 
promontories, shallow and deop seas, fresh-water lakes, and the 
other modifications of water around and amid dry land, he has at 
the same time most carefully to study the mede of occurrence af 
any organic remains found in these accumulations. He will have 
to see if there be evidence that the animals or plants lived and died 
in or upon the beds where their remains are now found; or 
whether, after death, such remains were drifted into these situa- 
tions, He will also have most carefully to refer to the distribution 
of the animals and plants existing at any given geological time, 
according to conditions, regarding that distribution as well on the 
large scale as with respect to any minor area, 

With respect to the class of rocks usually named fossiliferous, 
this term has to be regarded in an extended sense. It is by no 
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localities. Divientiy nara reat sketch (fig. 163), 

representing u series of beds of rock, a6 ¢d and ¢, exposed on a 

cliff, one of them only, such as d, may contain them, the others 
Fig. 163, 





not affording any animal or vegetable exuvim. These beds are not, 
however, the less interesting on that account, inasmuch as some 
cause for this difference may present itself by diligent inveeiens 
of importance as bearing upon the conditions, or their modifica 
tions, under which the whole series may have been formed. 
Should the beds be of different substances—as, for example, should 
aband e be formed of sands of different kinds consolidated, as 
hereafter to be noticed, into sandstones; ¢, of gravels now hardened 
into a conglomerate ; and d be composed of mud, now constituting 
a shale; the mode of accumulation of the non-fossiliferous beds 
have to be studied, as well on the small as large scale; and this 
study may tend to show how it probably occurred that the mud 
contained the remains of life, which has existed on or in this sea~ 
bottom of the time, while no such remains are found in the sands 
and gravel. 

caiktiaae ol ine or ten tae ae 
depth of perhaps only two or three inches 
rat tiated bavuccing sind 2 great ioe of cond Adlsenaieee 
as, for example, among the lower of the oldest fossiliferous deposits, 
the Silurian,—a class of rocks for the due appreciation and know- 
ledge of which geologists stand so much indebted to Sir Roderick 
Murchison. In certain parts of this series, as developed in the 
British Islands, there are hundreds of feet in depth, in some 
localities, where no trace of an organic remain is found, and then a 


-thin seam, replete with the remains of animal life, may be scen, 


showing that the portion of the sea-bottom which it represents was 
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a mere thin sheet of little else than the crustaceans, 


molluscs, and 
corals of the time—partly, perhaps, living, partly dead, or all in 
one state or the other. Nevertheless, the whole series of deposits 


Is ly presented 
‘The probable cause for this distribution and mode of occurrence 
has to be sought and well considered; and herein the non-fossili- 
ferous portion of the general mass becomes important for the sola- 
tion of the problem, 
At other times very variable kinds of beds are all full of 


remains, as, for example, in such a section as that beneath (fig. 164), 
Fig. 164, 


ar. & & 





where a cliff may afford a view of the various sea-bottoms which 
have succeeded cach other in that locality, when the whole was 
bencath water. If, for illustration, a be a caleareo-siliceous eand- 
stone ; 4, a coarser-grained siliccons sandstone; ¢, a marl or clay; 
and d,a fine argillo-siliceous sandstone; then, so far as the section 
extends, a silty bottom was first formed, to which succeeded mud, 
which in its turn was covered by siliceous sand; over which, ax 
the general accumulation proceeded, a finer sand, with the addition 
of calcareous matter, was deposited. ‘There is here evidence that 
the physical conditions affecting the area wherein these 

were effected must have been modified or changed, and an observer 
would in consequence search for that showing how fur any modifi- 
cation or change in the animal life, the remains of which are 
Beery vaca bet cam Tv ada aca 


produced. 
Tn seeking the boundaries of any ancient land which may have 
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furnished the mud, silt, sand, and gravels of accumulations around 
it, of whatever geological dato the one or. the other. may be, it 
becomes evidently important to lool for traces of ancient beaches, 
inasmuch as these show the actual margins of the seas of the time, 
From the desire at present manifested of following out investiga 
tionsof this order, such beaches have been more frequently detected 
than might at one time have been expected, From the researches 
of Professor Ramsay it has been ascertained that during the deposit 
of the Silurian rocks of Wales and Shropshire, there was a time 
when the older accumulations, now forming the district of the 
Longmynds, rose above the sea, and were bounded by beaches ; 
while a part of the Silurian series, named the Caradoc sandstones, 
was being deposited adjacent to them.* Again, in the Malvern 
district, the labours of Professor John Phillips have shown that 
at about the same geological date, a portion of the syenites of the 
Malvern hills must have been above the sea; a beach deposit, in 
which there are angular fragments of the pre-existing rocks, 
occurring at the Sugur-loaf Hill, on their western flank.t In both 
cases organic remains are detected mingled with the shore acoumu- 
lations, and Professor Edward Forbes considers that those which he 
has examined in the Longmynd district are of a coast character.$ 
‘These may not be among the oldest beach and littoral deposits in 
the British Islands, inasmuch as where conglomerates are found 
among the beds of the Cambrian rocks near Bangor, North Wales, 
euch may also have constituted the shores of still more ancient 
lands, furnishing the materials for these conglomerates, 

In the ascending series of foseiliferous rocks, the materials of 
which were furnizhed at succeeding geological times, the like kind 
of evidence, if carefully sought for, is to be obtained in many 
localities. To take the old red sandstone series, as shown in the 
British Islands, while part of it may merely constitute a portion of 
deposits formed one after the other beneath the waters of a sea, as 
in Devonshire, other parts point to a littoral origin. This may be 
well inferred from the mode of occurrence of the old red sandstone 
series in paris of Ireland, North Wales, and Scotland, where 
shingles of various sizes, sometimes large, are arranged around 
masses of older rocks, and follow many sinuosities of the more 
ancient land against which they were piled. Portions of the older 
Jand of the time have sometimes an insular character, as, for exam~ 

* “Journal of the Geological Society of London,” vol. ir. p. 294. 


+ “Memoirs of the Geological Survey of Grent Britain,” vol. il, ps 67. 
J s Journal of the Geological Society of London,” vol. iv, 9.297, 
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ple, in the county Kildare in Ireland, where the range of | 
chiefly known, from one of them, as that of the Chair of Kildare, 
seems to have risen above the sea of the time, ita rocks furnishing 
materials for the shingle on its shores, the whole having been sub- 
sequently covered, or nearly so, by the caleareous deposit known 
as the carboniferous limestone. ‘I'he removal or denudation of this 
limestone (in its tum furnishing an abundance of the shingles or 
gravel at other and later geological times) has in a great measure 
disclosed this arrangement of parts, and left the range of the Chair 
of Kildare, even now rising like an island above a level district. 

Quitting these more ancient accumulations, and still not 
beyond the area of the British Islands, in order to show how much 
of this kind of observation may be carried out in such » minor 
portion of the earth’s surface, we again find marked evidences of 
beaches at the time commonly known as that of the new red sand- 
stone series, one in these islands following much new adjustment in 
the relative distribution of land and water, by which the former 
bottoms of seas and of fresh-water deposits were irregularly upraised. 
In South-western England and in South Wales, the beaches of this 
time, though they are by no means absent of indistinct in many 
other districts, are particularly well exhibited. 

Among the Mendip Hills (Somerset), in various parts of Glow~ 
eestershire, Monmouthshire, and in Glamorganshire, we have, from 
the removal of subsequent accumulations by denuding causes, 
evidence of ancient shores, as is the case near the Chair of Kildare, 
though the latter are of earlier geological date, As at the latter 
also, from a repetition of similar causes, we seem to have islands 
with their beaches before us, much as they existed at this sub- 
sequent time. In investigations of this kind it sometimes happens 
that sections are presented, or information obtained, justifying the 
construction of sections, by which it is shown that, during the 
submergence of the dry land, while the mud, silt, sand, and shingles 
were accumulating along the shores and the islinds of the time, 
beach after beach, becume buried up, a long wide-spread pateh of 
shingles covering some subjacent ground, as it gradually sanke 
beneath the sea level of the period. The subjoined sections (figs. 
165, 166) of the ancient island of old red sandstone and car 
boniferous limestone of the Mendip Hills, and also of another 
island of a somewhat similar character, one of several in the 
vicinity of Bristol, may serve to show this circumstance; as also 
how shingles of the same general character, and derived from 
subjacent or adjoming rocks, under similar general circumstances, 
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an 
may be accumulated os a beach, on ground, during the 
lapse of much geological time, while Be ae karchvaaeae 
locality became gradually submerged beneath the sea, Both 





‘Sear 
a, a, a, dintarbed beds of carboniferons limestone; b, b, conglomerate of pebbles 
derived from the subjacent or adjoining rocks, cemented by magnesio-calearcous 
‘matter; ¢, red marls; d, d, line showing how denudation might cause succossive 
‘ecoumulations to appear as of one time, 


sections exhibit the beaches, usually composed of shingles of car 
boniferous limestone, now cemented by magnesio-caleareous matter, 
jutting, as it were, into the red mud of the time, (now red marls,) 
having extended over ono portion of it, during the submergence, 
and having been covered by another as this proceeded. One 
section (fig. 165) shows only the accumulation of the red mud 
(marl), while the other (fig. 166) exhibits a subsequently-formed 
deposit of dark mud, sometimes calcareous, alternating with an 
argillaceous limestone, together known as the Zias. In the red 


Pig. 166, 





. 
a, a bods of disturbed carboniferous limestone; b, by conglomerate of pebbles 
derived from the subjacent oF adjoining rocks, cemented by magneslo-calcarcous 
matter; ¢,red marl; d, lina; B, Blaize Castle Hill, near Bristol; «, Mount Skithaen, 


discovered, there is still evidence of a beach resting on a coast, 
this beach thrown up by seas during a period when the dry land 
was becoming gradually submerged, and a change was effecting in 
the existing conditions, so that the adjacent sea was no longer 
without animal life, or at least only contained a small portion of 
that affording harder parts for preservation amid the deposits of 
the time, but swarmed with molluscs, fish, and reptiles. The 
manner in which the filling up was effected is well shown in 
the section near Blaize Castle (fig. 166), though evidence of this 
kind is to be found as well elsewhere; one patch of Tins (d, on the 
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: there 
would have great difficulty in assigning the different parts 
‘ing to 
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the lower part of the series, known as the oolitic or Jurassic ; and 
(8) alluvial accumulations, deposits from branches of the adjacent 
British Channel, where these found their way amid the sinuosities 
of the land, often covering a plain whereon forests once grew, at a 


coast (p, 448).* 
‘The darkly-dotted patches in the map (conglomerates, 4) will 
serve to show the mode of occurrence of the beaches surrounding 


Mallet; y/, Download; 2, Molla; a”, Elin; &*, Whatley; «”, Nunney ; 2", Cloford; 
°, Kast Craumore ; and f*, Chesterblade, 











the older rocks of the Mendip Hills, and an 
country near Wrington, f. Although, from the : a“ 





seem to have been well piled up at the bottom of j 
other localities where favourable conditions for their production 
existed. The following section (fig. 168) will show one 





limestone, intermingled with sandstones and marls, of the part of the 
carbouiferou Iimestone series of the datect, brought in bya large fit, on the NW 
of the Windmill Hill, Clifton ; 4, boulders and pebbles, in part subangular, of the sul 


ancient beaches fucing the gorge of the Avon, near Clifton, Bristol, 
in a depression between Durdham Down and Clifton Hill, in whieh 
some of the rounded portions of the subjacent rock eannot be much 
less than two tons in weight, requiring no slight force of breaker 
action to move them and heap them up as now seen. : 
The submergence of this dry land continuing while geological 
changes were being effected over a wide area, (in which this 
district, occurred as a mere point,) and so that, without reference 
to the modifications of deposits produced elsewhere, the red sedi- 
ment of the seas near the shores of the land, then above water in 
the area of the British Islands, was succeeded by others in and 
above which animal life swarmed, the beaches moved upwards on 


Soe the Geological Map, “Memotrs of the Geological Survey of Great Britain,” 
vol. ., pl. 2 in which # largo aren occupioi by accumulations of this clase amd tae 
bo found represented. 
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se Biople Malek 
(2, in the map, fig. 167), where the lias (6) rests both on the old 
red sandstone (1), and the carboniferous limestone (2), there is 
much of this old shingle (now conglomerate).* The following 
(Gig. 169) isa section, exhibited close to Shepton Mallet, on the Bath 
road, wherein a line of pebbles (6) is strewed over the previously 
upturned edges of supporting carboniferous limestone (a, a), and 
constitutes a continuation of some more arenaceous and pebble 
beds, presenting much the appearance of a shore, not far distant.f 
Fig. 169, 


ISS 


Ff a4 

Mae ins ub oj cavGetbe thin pobble of abinglaibed; bas beatelaoee 
down (as it is termed) by a dislocation, or fault f, so that beds 
above that at ¢, are scen at d, d, d, the latteragain broken through 
by a dislocation at g, and the whole surface of the hill being so 
smoothed off by denuding couses, that a gently-sloping plane is 
alone seen, Before we quit this section, it may be mentioned, that 
an observer in search of the different conditions under which fossi- 
liferous deposits may have accumulated will here see that much 
less mud must have been mixed with the calcareous matter of the 
lias than is usual in the district, and which is to be found not far 
distant from this locality. The lias limestone beds (d, d, d) are 
here thick, for the most part, and in purity more resemble the car 
boniferous limestone (a, @) on which they rest, showing a cleaner 
state of the sea where they were formed than in those areas over 
which the usual mud, and muddy and silty limestones of the ling 
were accumulated. Coupled with the evidence of beaches, this 
ese eaten ome mia eae en eee 
proximity of'a shore with minor depths of sea, near and at which 

the waters were generally more disturbed, so that the lighter sub- 





by 'W. Conybeare (1 

Western Coal Distct of Ragland” Geological Transactions, 2nd series, vol. 1, 
Pf "The was woll seen further up the roed, in 1943, at which tne some Baw eaitings 
wore in progress. a4 










= ‘IAS RESTING ON DISTURBED 
pscrepleene omy pretties, 
fone he ded tides and currents to 

This character of a less muddy condition of the lias is by no 
means confined to the vicinity of Shepton Mallet; itis to be seen 
in several places in that part of England and South Wales, It is 
well shown in parts of Glamorganshire, where, indeod, as in the 
vicinity of Merthyr Mawr care is required not to confound some of 
the lias with the carboniferous limestone to which it there bears no 
finds this character in connexion with old conglomerates, resem- 
bling beach accumulations of the time of the lias, pointing to the 
probable proximity of dry Jand, such as may be readily inferred to 
have then existed in the great coal district on the north of it, even 
now, after so much abrasion, during depressions and elevations 
beneath and above the sea during a long lapse of ‘ical time, 
rising high above these deposits. In the sume nei 
(Dunraven) there is also good evidence of the liss repysing upon a 
clean surface of carboniferous limestone, as will be eeen in the an- 






nexed sketch (fig. 171) and in the subjoined section (fig. 170), 
Fig, 170. 





2 tf 
wherein a reprisenta disturbed wrnin of the Iateany aad Nee 
the former, resting on their edges, In the section (fig. 170) the 
lower beds (3) of the lias are light-coloured, and contain fragments 
from the subjacent carboniferous limestone, these succeeded by 
argillaceous grey limestones ate. f, f are dislocations or faults, 
traversing the beds. In this case, though an observer might sua 
pect the vicinity of s coast from the fragments in the lower lias, 
he would desire further evidence, and by search he would find, 

Fig. 172. 














round the point d, in the sketch (fig. 171), a conglomerate (8, 5, 
fig. 172), reminding him of a beach interposed, to a certain extent 
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and level, between the beds of lias (d, d) and a worn 
porting carbonifierous limestone beds (a, a), which h 
local curvature are brought into a horizontal At o, in 
this eoction, the whitish variety of the lias of the district is found 
in a great measure free from muddy admixture, It is even oo- 
casionally dolomitic, and somewhat crystalline in this vicinity.* 
Returning to the minor area of the Mendip Hills for evidence 
far hs end Lean ioes tal sane ee 
find, a# the land became more and more the sca, 
that ho ins ar um, apt up the lef Ge eae Sea 
accumulating more muddy matter outwards, depressions being 
SO ene ores he 
permitted such a deposit, fine sediment 
Semen mo tet Lore re aia of pamper 
fine red marls bencath (fig. 173). 





a, gray lias Jimextone and marls; 6, earthy whitish Timestone and marls; ¢, earthy 
white lias limestone ; d, arennocous limestones ¢, ray marls; 9, red marie; A, sand- 
Mong, with calcareous cemont; 6 blue marly A,red mart; & bine mart and red 

The observer next finds limestone beds (7), known as the én- 
ferior oolite, resting (mup, fig. 167) from Cranmore (e"), on the 
south, to Mells (2) on the north, upon various older accumula- 
tions ; old red sandstone (1), carboniferous limestone (2), coal 
measures (3), and lias (6), passing over the nearly-horizontal beds 
of the latter as well as the variously-curved beds of the three 
former. The remains of animals of marine character show that 
this accumulation was effected in a sea, and therefore, that the 
depression of the land above mentioned had continued; but, as mo 
distinct beaches have yet been discovered in connexion with this 





* Part of these lower beds of the Ma of he ditt known at Suton Stone and 


‘has been employed for architectural purposes during many centuries, being well fitted 
for them. 


+ Tho section selected see oe ete ae Mallet, reference to which 


has been previously made in the text, p. 451 
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calcareous deposit, the probable boundaries between the sea and 
the land are not so apparent. The whole of the Mendip Hills 
may have been beneath the waters, though the relative levels of 
the different parts of the general masses of rock, notwithstanding 
the changes in these levels produced by various dislocations, 
effected during a long lapse of geological time, would lead us to 
infer that portions of dry land may still here and there have 
risen above the sea in that minor area. Be this as it may, when 
this overspread of calcareous matter (inferior oolite) took place, 
passing over the old margin of the lias, there were bare patches of 
carbonifcrous limestone (2) in the sea, and into these the boring 
animals of the time burrowed. Their remains are now found in 
the holes worked by them ; ae ae 
an observer might imagine himself walking on limestone rocks, 
dry at low tides, in which the lithodomous molluses of the present 
day were in the cells hollowed out by them. Not only are these 
old surfaces thus bored by the rock-burrowing molluscs of that 
period (the time of the inferior oolite deposit), but here and there 
—as, for example, near Nunney (c’’),—the oysters of the sume 
date are still found adhering to the bare limestone submarine sur- 
faces of the time. There may be doubts as to the depths at which 
the boring molluscs worked, and the oysters adhered to those bare 
carboniferous limestone rocks ; the whole of the dry land may, as 
before mentioned, have been then under water; but while the 
observer thus loses his traces of dry land, he has evidence that it 
still continued to descend, 0 that, at least, the movement in that 
direction had not ceased. 

The following section’ (fig. 174) will serve to illustrate the 


Fig, 174. 





manner in which the older beaches (d, m) were overlapped, as it 
is termed, by the inferior oolite (g, m), The sands, commonly 
known ak the inferior oolite sands (f), separating the calcareous 
beds of the inferior oolite from the lins (¢), including in the latter 
the upper beds of that rock termed the marlstone (an accumulation 
replete with organic remains), is also overlapped. a a is carboni- 
ferous limestone, 2 its lower shales, and ¢ old red sandstone, all 
moved prior to the deposit of the other beds, A U is the clay 
known as Fuller's earth, ¢ its limestone. 
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Fig. 175. 





frequently rests on palpate ath castinitircad 1 Eset (@)s eA 

the very even surface which the latter often presents over com- 

paratively large areas in that vicinity. ‘These surfaces are usually 

Drilled not only by the lang boring molluse of the time, ccasonally 

found in their holes, as shown beneath (a, fig. 176), but also, in a 
Fig. 176. 





« 
more tortuous manner, by another animal, sections of the holes 
made by which are seen at 8, b. Atd (ig. 175) there isa somewhat 
arenaccous parting, covering over the bored surface of the lime- 
stone, an introduction of matter which may have served to render 
that surface no longer fitted for the habitation of the lithodomous 
animals. 


‘To mark the date of these borings still mote perfectly, the sume 
vicinity fortunately presents us with evidence (fig. 177) of a 
portion of the shingle (a), accumulated at the time of the lias 
(onganic remains characteristic of that deposit as it occtrs in the 
vicinity being found in it), having been consolidated and planed 
down, by denuding causes, to the same level with the carboniferous 
limestone, 4, 6, in a cleft of which it occurs, and haying been bored 
by the same marine animals anterior to the deposit of the inferior 
oolite, ¢,¢. Still further affording the observer relative dates for 
these perforations, he will find that the beds of the inferior oolite 
itself are thus bored, and by the same kinds of animals, as cam be 
seen at the quarries of Doulting, on the south of the Mendips, and 
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near Ammersdown, on the north, where, a3 the beda became 
successively consolidated, they afforded the needful conditions, on 


Fig. 177. 





their upper surfaces, for the existence of these marine animals, 
requiring shelter in hard rocks, 

Assuming, for illustration, that the older rocks of this small 
district became totally submerged at this time, the geologist will, 
as it were, have traced the state of a minor area from one where 
there may have been dry land intermixed with sea, to another 
where the latter overspread all traces of the former, What may 
thus be done on the small scale can sometimes be readily effected 
over areas of far wider extent. It can be so, with care, over much 
of the British Islands, as respects the probable intermixture of land 
and sea, at the time of the accumulation of the new red sandstone 
series, To a certain extent the study of any general geological 
map of these islands will show this, though not altogether, since 
denuding.causes have sometimes so acted as to remove these rocks 
and subsequent deposits from localities which would, judging 
from the mode of occurrence of the rocks in them, have been 
beneath the waters at the time that other portions of these beds 
were formed.* 


* It becomes extremely interesting to consider the wide-spread distribution, over a 


ceased to be thrown down on tho sen-bottom of the time with such @ common 
character, and tho mud, and calcareous mud of a succeeding accumulation, the Has, 
also occurred! over much of the samenres with its common chnroter, 


expects to 


we have seen, it is highly important 
evidence of beaches wherever they can 
these give him the boundaries of land and 










is now effected in certain localities, or their occurrence in| 
sheltered situations, under altered conditions of sea and land, 
they could be covered up and not be removed (p. 454). 
‘Though fresh-water deposits, as they are termed (from the 
remains detected in them being limited to those of terrestrial and 
lacustrine or fluviatile life), may not give any definite boundaries 
of the land and sea for any given geological time, they nevertheless 
prove the existence of dry land surrounding them at that time. 
Supposing the great lakes of North America to be filled! up, 
mechanically or chemically, by mineral matter, enveloping the 
remains of the life inhabiting them, or drifted into them by rivers, ! 
and these accumulations to be clevated into the 
forming hills and dales, or even crumpled and broken into parts of 
high mountains and deep valleys, though they would not afford 
defined land boundaries, collectively taken they might prove the 
existence of no inconsiderable tract of dry Tand at a given period. 
To estimate the probable preservation of such deposits amid 
movements of the earth's surfie, depressing dry land beneath the 





creatures of the present time, existed. The careful sketching, however 

Atmight at first be, of tho probable area occupied by land and sea in the 

area at this time, with the distribution of organic remains found ia the Iias, die 
tinguishing {dm upper and lower parts, would alone furnish matter for much 
progress in Inquiries of this kind. ‘The scarcity of animal remains in the upper red 
‘or variegated marls, and the distribution of the little areas where these mre 5 
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level of tho sea, attention should be directed to the effects which 
would follow such a change. If any large area of dry land, wholly 
or partly bounded by seas, were now elevated higher above the 
latter, there would probably be a fringe of submarine deposits up- 
raised at the same time, while the various outflows of river waters 
would have to adjust themselves to the new sea level. Many 
estuaries would cease to be such (if the boundary seas were tidal), 
and the courses of their feeding rivers would require adjustments 
in accordance with the change of level; much additional velocity 
and consequently scouring power, the volume of thea waters re- 
maining the same asa whole, being given to those parts of their 
channels, the adjustments of which had been more or less 

by the former sea level. Under such conditions, it would happen 
as beneath (fig. 178), that many a river course was so lowered that 


Pig. 178. 
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old river beds, a, a, would be left perched on the sides of valleys, 
above those which the river had formed for itself, either by 
removing loose materials accumulated in the valley, v, during its 
former adjustments, or by cutting through some rocky barrier, }, 6, 
which the new velocity of its course, and power to transport the 
means of effective friction, have permitted. The new coast line 
would be variably acted upon by the breakers. In cases of cliff of 
hard rocks, previously descending into the sea, so that upon the 
uprise of the land the breakers still acted upon the eliffi, no 
muterial difference would take place, except that the now shallower 
depths adjoining may be more disturbed than previously by waves, 
so that fine sediment, formerly at rest, might be removed, and ite 
farther accumulation in that locality prevented. With the fri 

of any littoral sea bottoms upraised, the effects would be very dif- 
ferent. The adjustment to the previous breaker action on shallow 
shores, especially of thise where the surplus sands were driven on 
lund, and accumulated in sandhills (p. 59), would be destroyed, 
and the sea would remove the loose materials before it, until anew 
balance of force and resistance had been again accomplished, in the 
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Should the elevation of the land be continued, the subjacent detrital 
bed, d, g, with any organic remains it also might contain, would, 
in ite turn, be subjected to the same action, so that upon exposed 
ocean coasts, with heavy breakers, vast tracts of sea-bottoms might 
be removed, their materials accunvulated elsewhere in the localities 


Upon such an elevation of land, if it-were horizontal, as regards 
@ particular area, upon which any fresh-water lake might be situ- 
ated, the conditions affecting the deposits in it might remain 
much the same, except in such cases as where a discharging river 
into some adjoining sea was so much changed, as regards its outflow, 
that instead of a moderate velocity, it should acquire one so con- 
siderable that the surface of the lake itself became lowered from 
the cutting down of the new channel, by which an adjustment of 
fall had been effected to the relatively new sea level. Under such 
circumstances, the area and volume of the lacustrine deposits 
thence ex} would depend upon the shallowness or depth of the 
lake. we regurd great regions of Jakes, such a3 those in 
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North Americs, and refer to the probability of the unequal lifting 
of the land, so that one portion may be tilted more than the other, 
it is easy to conceive that the waters of great lakes can be s9 re- 
moved that much of their old deposits may be exposed as dry land, 
while accumulations may continue to proceed in the portions of 
their basins still submerged. In great lakes, where breaker action 
produces appreciable effects, there would be the same tendency to 
remove loose upraised bottoms, thus brought within its influence, 
as on the sea-coasts, calcareous deposits necessarily offering resistances 
in proportion to their hardness, amounting even to that of compact 
Kimestone. 

Turning now to the elevation of land over a wide area, so that 
the communications between seas intermingled with it and the 
main ocean may be cut off, great geological changes may be effected, 
not only in the life of the waters enclosed by, or running amid the 
land, but in the conditions of the dry land itself. As we have 
seen (p. 71), the evaporation in the Mediterranean is so far beyond 
the supply of water it receives through the Dardanelles, from the 
Black Sea, and from the rivers flowing into it, that if any elevation 
of the land took place, so that the Straits of Gibraltar were closed, 
achange which the geologist will lea from his researches to con- 
sider as one of no great comparative amount, this sea would have 
to adjust itself to its evaporation and supply of water, so that the 
one ehould balance the other. The result would be a great ex- 
posure of the present shallow sea bottom of the Mediterranean, 
and a change of level by which the outfalls of the rivers would 
acquire additional velocity, one which would also be communicated 
to the current through the Dardanelles, with a new adjustment of 
levels in the Black Sea and the rivers flowing into it, extending 
to the Sea of Azof. 

‘The great rivers pouring their waters into the Mediterranean 
would continue to produce their present effects long after a 
stoppage to a free communication with the ocean was occasioned at 
the Straits of Gibraltar, a vast mass of detritus being borne into it 
os now, entombing the remains of animal and vegetable life. It is 
interesting to consider, that should the adjustment required for 
cyaporation and supply of water lower the level of the Mediterra- 
nean sufficiently far (450 feet), two basins would be formed by a 
barrier passing between Sicily and the coast. of Africa,* and the 

» mouth of the Dardanelles would present dry land after the depres 








‘+ See Captain Smyth's “ Charts of tho Mediterranean.” 
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sion had continued to 222 foct, eo that either the descent of the 
Lavalier sepag pH e would be over a 
or the removal of the matter in the Dardanelles and 


sini ct foe some ee 
lower coasts, and most materially to reduce its area. 
‘Thus by the mere uprise of land over # moderate area, one 


the reverse might be expected in the latter, bounded by coasts to 
which little river water flows, so that a larger area than the 
Dead Sea (its level 1312 feet beneath that of the Mediterranean), 
would be presented, all the shallow portions of the Red Sea exposed, 
and such extension of the sand-drifts permitted as the new condi- 
ditions might offer. 

From such conditions to a complete removal of water, so that 
wide tracts of desert sands are produced, the results obtained are 
but the needful consequences of an inadequate supply of water to 
compensate for the evaporation. Thus, while in Central Asia there 
are still the remains of the waters which once covered so wide an 
area in that part of the world, as above noticed (pp. 73, 103), 
whole regions are strewed over with unconsolidated sea-bottorms 
driven about by the winds.* 

All such surface changes, with the various modifications resulting 
from the unequal tilting of considerable tracts of country from one 
course of general drainage to another, as can often be so easily 
effected by comparatively moderate and unequal elevations of por= 
tions of dry land, should be well considered when weighing the 
probabilities of the existence of such land in any particular part of 





* The observer will do well to study the evidence adduced by Sir Roderick Mur 
ehison and his colleagues (“Geology of Russia in Kurope and the Urals” YOR. toy 
P. 297), respecting the character of the wide-sprend deposits of the great reglon in 
which the Caspian js included, showing the change of tife during « time whet the 
area pasted (hrough a condition of brackish water to the mixture of tani oad 
water which now prosents itsolf. An important addition te our kus of the 
changes which the earth's surface has undergone, over a wide-spread rogion, in com 


paratively recont geological tines. 
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the earth's surfice at some given geological time. [t will be 
evident that many complicated and intermingled deposits, con- 
taining the remains of marine, fresh-water, and terrestrial life, may 
be formed without the submersion of a great area of dry land 
beneath the waters of the ocean, a point of no small importance 
wher the contemporancous spread of animal and vegetable life, 
intermingled with the mineral accumulations of the time, is under 
consideration, 

Though upon an elevation of land much of the shallow sea- 
bottoms adjoining it may be exposed to the destructive action of 
the breakers, as above mentioned (p. 490), the same movement 
would cause many portions of a littoral sea bottom to be brought 
up to the height most favourable for the preservation of its slope 
seaward, and the accumulation of sand-hills beyond the new line 
of shore inland, Another effect would be the conversion of many 
arms of the sea into lakes, the shallower depths, found in many 
localities at the outer or seaward part of such inlets of the sea amid 
the land, forming a low barrier between the sea and the more 
inward and deeper parts then separated from it. In such cases the 
newly-included portion of the sea would gradually become less 
saline from the continued supply from the rivers which are 
generally to be found in such localities, so that, finally, a fresh~ 
water luke, such, for example, as Loch Ness, in Scotland, might 
still preserve a considerable depth, its surplus waters finding their 
way to the sea by some river, To illustrate this, let, in the sub- 
joined plan (fig. 180), a, a, represent some arm of a tidal sca, 


Fig. 180. 
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of the world, whereby it will be: found that taken would it 
frequent consequence of such changes, especially upon mountainous 


arm of the sca continued inwards. 

The production of the lakes on the outskirts of mountainous 
districts, in the manner last mentioned, would often seem to involve 
=o submersion of a portion of the same 
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of lakes, due allowance being made for the mode in which river 


the condition of estuaries (p. 58), the preservation of foot-prints 
(p. 129), coral reefs and islands (pp. 195, 200), distribution of 
erratic blocks and superficial gravels (pp. ane 260, 263, 287), 
ossiferous caves (p. 305), and the uplifting of the subaqueous 
parts of voleanos (p. 389), been compelled to mention some of the 
effects which would be produced by the elevation and i 
of land above or beneath the sea, and even to advert to the mate- 
rial changes which would be produced by the depression of the 
Isthmus of Panama, and the elevation of the sea-bottom between 
the north coast of Australia and the Malayan peninsula (p. 136). 
‘The effects thus caused have to be more or less regarded with 
respect to the mineral and fossiliferous accumulations of all geo- 
logical periods to which the modifications and changes now in 
progress on the earth’s surface are applicable. 

As with an elevation of the dry land above, so with its depres- 
sion beneath the sea, the steepness or gently-sloping character of 
the mineral mass moved has to be duly regarded. While amid a 
mountainous region the depression of the land for about 200 or 
300 fect may merely somewhat more intermingle the eea with the 
Tand, arms of the sea extending further into the country, the eame 
depression in lower lands may cover whole districts, the tops of 
some higher grounds only rising as scattered islands amid a wide- 
spread sea. The effacts produced in one region would form no 
measure of those following such a depression (in a geological sense 
of a very minor kind) in another. The change might, indeed, so 
far affect a mixed region of mountains and low plains, that somo 
old state of things may.often, to a certain extent, be 
the mountains forming islands, or groups of islands, in a part of 
the ocean, and go that ravages on their flanks from heavy breaker 
action are recommenced. While, in the one case, the area occu- 
pied by terrestrial life, animal and vegetable, was comparatively 
little circumscribed, in the other, large tracts would be laid waste, 
and many a plant and animal, peculiar to the low districts, might, 
under certain conditions, be entirely swept away. 

Whether we contemplate the submersion of a large area of dry 
land, much intermingled with lakes, such as Northern America, 
partly overspread by deserts, such as portions of Africa, and Asia, 
or under an ordinary condition of the growth of trees and other 
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or subjacent decomposed rocks, he will perceive that under fayour- 
able conditions, these remains may sometimes be preserved with 
little injury, and be mingled with those of the animal life intro= 
duced over the old land-surface by the new submersion beneath 
the sea. The lower part of the new accumulations and the upper 
surface of the old deposits may thus become mixed, and lead, 
without due care, to the supposition that the two were marked by 
a passage of the organic remains found in the one into the other. 
This is no useless caution, as the observer, when studying the 
effects produced during the submersion of some ancient land, will 
have occasion to remark, Some good examples of weathered 
fossils of the carboniferous limestone, even so much so as to be 
comp! detached, may be seen in the dolomitic or magnesian 
wecaene deposits (of the new red sandstone series) in Somersot~ 
shire, Gloucestershire, and Glamorganshire, and these might readily, 
without due care, be considered as organic remains of the later 
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geological time, Ttis as if, after abstracting the turf or soil cover- 

ing the carboniferous limestone of a district, and the quiet removal 
othe inhazsieglan ‘sur 4a slahesg depos fiaagmese alana 
matter was thrown down from solution amid the fossils and frag- 
ments of the olderrock. ‘The fitting of deposits of this kind into the 
inequalities beneath is well shown in the district to which allusion 
has been made, and may be illustrated by the following section 
(fig. 181), seen at Pen Park, north of Bristol, where the dolomitic 








Fig. 181. 





or magnesian limestone, 6, rests upon the edges of upturned beds 
of carboniferous limestone, a, a, into the superficial inequalities 
and interstices of which it enters, covering up blocks of the same 
stock, ¢, reposing on the surface before the deposit of the newer 
rock. In such localities, the weathered portions, including fossils, 
of the subjacent rock may sometimes be found penetrating or in- 
termingled with the subsequent accumulations, occasionally mark- 
ing a state of much tranquillity, and as if an overspreading deposit 
had been effected on an old surface of land which, in favournble 
localities, had not been much subjected to breaker action, rounding 
the fragments and destroying the old weathered surface of tho 
rock. 

That a mixture of the organic remains of former geological 
times with those of molluscs and other marine animals, the species 
of which at present exist in the seas adjoining, is now taking 
place, a walk along many a const will show, shells especially being 
seen washed out of sands and clays forming the cliffs, and being 
mixed with those now cast on shore. We are, therefore, well 
prepared to expect that when, during a submersion of dry land, 
the loose surfaces of ground, with distributed organic remains, are 
exposed to similar action, the results will be the same, with this 
difference, that while, on an exposed coast, the ancient and mo- 
dern organic remains may often be all ground down together into 
one common mass, in a submerging land, more sheltered localities 
may frequently present themselves where the ancient organic 
remains could be more quietly sifted out of the loose earthy mat- 
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ter surrounding them, and be intermingled with 
animals, the habits of which lead them to prefer 
situations. 

Pally spree th me geo ec whic my 
duced by the submersion of differently circumstanced | 
may not be uninstructive to consider those which would follow the 
re-establishment of the sea over the many thousand square miles now 
occupied by the great desert or deserts of Northern Africa, Sahara 
and others. Judging from such observations respecting the heighta 
of parts of these deserts as appear deserving of credit, a submer- 
sion of the kind mentioned as probable for the British Islands 
during the inferred cold period preceding the present state of that 
area, namely, from 1,200 to 1,500 feet, would place at leost a 

of them beneath s continuation of the Atlantic. As the 
sea moved inwards, according to its level, however this might pre- 
sent itself with respect to the variation from , wholly 
ot partially, of the eubmerging land, tho sifting of hard andl ooseee 
parts from the lighter and softer would be effected. Thus the 
remains of men, camels, and the ordinary desert snimals, here 
and there mingled with the additions to the i 
cases produce, might be mixed with those of 
introduced with the sea as it advanced over 
there still be organic remains amid the sands 
entombed when the whole had previously been 
these also might be mingled with the animal exuvin of the new 
sea-hottom. 

When wo consider the depression of land occupied by many and 
perhaps great lakes, such as those in North America, the amount 
of submersion more in one part of the general area than in another 
has to be duly regarded ; as also the consequent difforent conditions 








tribution of matter by the combination of wind-wave action beneath 
the sea at the proper depths, and breaker action on the shores, 
with the effects of tidal streams in tidal seas, the accumulations 
might so far differ under these conditions that while, in both 
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instances, the animal life gradually became adjusted to the sea, the 
greater part, if not the whole, of the previous deposits in the 
simply overtopped lake might be preserved and be covered by the 
brackish water, and finally by the marine accumulations, The 
unequally-tilted lake banks might permit a part of the older 
deposits to be so exposed to breaker action that they were partially 
removed, the component mineral matter and its organic contents 
partially also rearranged with the new accumulations, If, during 
a re-establishment of part of North America beneath the sea, it 80 
occurred that Lakes Erie and Ontario were depressed more rapidly 
than Lakes Huron, Michigan, and Superior, the sea finally over- 
spreading the whole, the relative positions of the lakes to the 
direction of the greatest depression would much influence the 
results, Lakes Erie and Ontario would present their breadtlis to 
the movement, while Lakes Michigan and Huron would be acted 
upon in their lines of length, Lake Superior presenting a more com- 
plicated form. Under such a movement, the entrance of the sea 
would necessarily depend upon the varied surface and levels for 
the time opposed to it; but it may readily happen that while Lakes 
Ontario and Erie were beneath the sea, and Lake Huron brackish 
water, Lake Superior might continue as fresh water, the contempo- 
raneous deposits in cach containing the remains of animals capable 
of living in the various kinds of water respectively, such of the 
‘iginal lacustrine creatures remaining in the brackish water os 
could adjust themselves to it, mingled with those marine animals 
which could upport life under the same conditions, the terrestrial 
vegetation drifted into all the deposits being of the same general 
kind. : 
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MODE OF ACCUMULATION OF DETRITAL AND POSSILIFEROUS ROCKS CONTINUED. 
EVIDENCE AFFORDED BY THE COAL-MEASURES.—STEMS OF PLANTS IN 
‘THEIR POSITION OF GROWTH.—FILLING UP OF HOLLOW VERTICAL. STEMS, 
AND MIXTURE OF PROSTRATE PLANTS WITH THEM—OROWTH OF PLANTS 
4 SUOUESSIVE LANES —TILICKNESS OF SOUTH WALKS CUAL MEASURE. — 
FALSE BEDDING IN COAL MEASURE SANTGTONES.—SURFACK OF COAL 
MEASURE SANDSTONES.—DRIPTS OF MA'TTED PLANTS IN COAL MEASURES, 
EXTENT OF COAL DENS,—PARTIAL REMOVAL OF COAL 1EDS.—CHANNELS 
ERODED IN COAL BEDS, FOREST OF DEAN.—LAPSE OF TIME DURING DEPOSIT 
OF COAL MEASURES.—PEBBLES OF COAL IN COAL ACCUMUELATIONS.—— 
MARINE REMAINS IN PART OF THE COAL MEASURES —GRADUAL SUB- 
SIDENCE OF DELTA LANDS—FOSSIL TREES AND ANCIENT SOILS, ISLE OF 
PORTLAND.—WEALDEN DEPOSITS, SOUTH-RASTERN ENGLAND.—RAISED 
SEA-BOTTOM ROUND HAITISI ISLANDS.—OVERLAP OF CRETACEOUS ROCKS 
18 ENGLAND. 


Waite the remains of drifted terrestrial plants, large or small, 
may not give very exact information as to the area by 
dry land, whence they have been derived, since they could have 
flodted from cansiderable distances (p. 125), according to the cur- 
rents of particular geological times,® where these romains ocour 
either in their places of growth, or so that we may rightly con 
clude that they have not been removed far from them, they become 
important, ‘Those deposits of vegetable matter interstratified with 
shales, sandstones, and conglomerates, which occur in a particular 
portion of the geological series of accumulation in Europe and 
America, and to which the term coal measures has been assigned, 
from abundantly furnishing the fuel which has become so important 
to the progress of civilization, afford the observer the means of in= 





* The Gulf Stream, as before pointed out, i# on excellent example of a body of 
temperate 


water capable of transporting the vegetable products of the tropics to the 
rogions of the north nerots an ooonn, 
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ferring the existence of land in particular portions of the northern 
hemisphere at that time. When carefully examined, a pro- 
portion of the coal beds have been found, in the British Islands 
{and the evidence would also appear to justify similar conclusions 
in many other countries), resting upon others immediately beneath, 
in which the roots of particular plants are found to extend in a 
manner showing that these are actually in their places of growth, 
as respects the beds of mineral matter containing them. These 
roots were at one time considered as separate plants (Stigmaria), 
but now, from the researches of Mr. Binney and other 
it seems established that they belong to other plants (Sigillaria, if 
not also to other genera). With this advance of knowledge, we 
find that great sheets of vegetable matter were based upon a mud 
or silt, inwhich the amount of sand varied considerably in dif 
ferent situations, even in the prolongation of the same bed, and that 
into this mud or silt the roots of at least some of the plants of the 
time and locality spread as in ground for which they were suited. 
Upon further investigation, it has been found that roots of 
this character are to be seen attached to stems of plants still 
vertical, or nearly so, to the beds of shale or sandstone (formerly 
mud, silt, or sand), in which they are enclosed. Though the 
attachment of such roots may be rarely seen, the examples of 
yertical stems of plants, apparently in their places of growth, are 
sufficiently common, 20 much so that if certain parts of the coal 
measures of the British Islands could have the detrital matter 
removed, various and extensive areas would be found covered by 
the stumps of plants in such positions, These stumps are so 
numerous in the ordinary detrital deposits reposing on some coal 
beds, that they become dangerous in the collieries, (unless great 
care be taken in the works,) frum being merely sustained aloft by 
the coaly matter representing the former outer portion of the 
plants, so that when this is insufficient to retain them, they fall on 
the heads of the miners, The following sketch (fig. 182), at Cwm 
Llech, towards the head of the Swansea valley, Glamorganshire,* 


sometimes be exhibited in quarries or natural cliffs, rising amid 
the beds which have enveloped them in their places of growth. 
‘The largest of the two stems was 54 foet in circumference. They 
merely formed a part of' a surface more or less covered by stems of 





* Made by Mr. Logan, by whom and the outhor the locality was carefully ex- 
amined, Tho stems were subsequently removed to the Royal Institution of South 
Wales, ot Swansea, whore they now are, 
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Around the stems at Cwm Llech (fig 182), the laminm of the sand- 
stone were so arranged as forcibly to suggest that they represented 





the washing up of sands around the plants in ehallow water agitated 
by slight waves. Such an arrangement may frequently be seen, a3 
algo occasionally, when the stems are carefully uncovered, an ad- 
justment of the laminw of the original sand or silt, in a manner 
pointing to the passage of a slight current of water by them, 
When this can be found, the direction whence the current came 
may be inferred by the position of the laminz marking the place 
of the eddy, behind the stems. 

From the manner in which these vertical stems are so frequently 
terminated upwards, it would appear that while, for a time, their 
lower portions continued to resist the pressure both of the water in 
which they were immersed, and the gradually-accumulating de- 
tritus borne or drifted by it, their tops became decayed, and were 
removed, 80 that finally shoots of detritus uninterruptedly spread 
ever the localities where such plants may have grown. We seem, 
indeed, to have evidence, in the manner in which so many of these 
stems have been filled with mud, silt, sand, and the remains of 
other plants, that before such sheets of continuous detritus were 
seen re Sei tops, Soy, sen ally IL a 

vertical tubes, in which, when overtopped by waters bearing 
detrital matter, and the leaves and fragments of plants, these were 
deposited in the sme way that sediment and the remains of 
vegetation are accumulated in the hollows of upright and decayed” 
or broken stems of bamboos, and other plants on the side of rivers, 
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While areas of fair size are known by colliery workings to have 
had numbers of vertical stems tranquilly covered over by detrital 
matter on a particular geological plane, so that a forest of this kind 
of vegetation has been contemporaneously entambed, it sometimes 
cecurs that there is good evidence of similar conditions having 
produced similar results more than once over the same area. Of 
the facts brought to light on this head, though it maybe well 
known in many coal districts that vertical stems of plants are found 
at more than one geological level, the occurrence of one series of 
vertical stems above others seems to have been hitherto, in no 
artificial or natural sections, better exhibited than in the coal dis- 
tricts of Nova Scotia and Cape Breton, where several of these 
planes of vegetation, the stems of plants 
still standing in their places of growth, 
are seen above each other, Sir Charles 
Lyell describes ten forests of this kind, 
as occurring above each other, in the 
cliffs between Minudie and the South 
Joggins, at the head of the Bay of 
Fundy, The thickness of the mass of 
beds containing the upright stems is 
estimated at about 2,500 feet, and the 
usual height of the trees is from six to 
eight feet, but one was seen apparently 
25 feet high and four feet in diameter, 
with a considerable bulge at the base. 
All these stems appeared to be of the 
suine species.* We are indebted also to 
Mr. Logun for « very detailed account of 
these coal measures. In his description 
of the piney coal-ficld, Island of Cape 
Breton,t Mr. Richard Brown notices 
many upright clone of plants in different 
bode, Among the sections given, the 
ceed Cpe: 185) will be useful, as 


° Zip towel fa Receh Amarken® vol. fi,, pp. 179-188, 
1 rpg does Lower Coal Measures of the Sydney Coal Field, in the 








described tn this communication, was, by measurement, 1,800 feot thick. ‘The dlp is 
mentioned as at an angle of 7°. 


ste pll no doubt ot sce uggest ade dus aacts eae 
of mud, silt, sand, and sometimes gravel, intermingled with layers 
of fossil vegetation, these layers based upon a soil, probably moist 
or wet, in which the roots of certain plants freely grew, while 
vertical stems occurred, as much sometimes as 15 or 20. i 
and two to four feet in diameter, even planes of these old forests 
being found above each other in limited sections, must have been 
gradually submerged, so that, at intervals, the soil was sufficiently 
exposed to, or near the atmosphere, that the plants entombed amid 
them could come under their proper conditions of growth. A 
sreagi dé Other curity, Geigitj ose plane of shore, gradually 
filled up to the level of the atmosphere, would only give one layer 
of vegetation, whereas, in some coal districts, where thé seams of 
coal are reckoned with the soils on and in which their constituent 
plants grew, 50 or more intervals for growth may have to be accounted 
for, A submersion of the ground on which the plants flourished, 
so that at times the mud, silt, or sand of the time accumulated at 
a greater rate than this submersion could keep them beneath the 
level of water, or during which, though the descent of the land 
may have been, as a whole, constant, there were minor amounts of 
movement (by which after a subaqueous area had been filled up 
to the atmosphere, there were pauses when the plants could grow), 
would alike appear to explain the facts observed. The section of 
the 1,860 feet in which the upright stems of the Sydney beds 
(Cape Breton) occur, shows that there were more than 40) periods 
in the general descent of the mass when there were soils in 7 
the roots (Stigmaria) of the plants of the time and locality found 
their needful conditions for growth, those for the accumulation of 











= 
* In this section the beds are reduced to horizontally, snd aro on & 
rf asap pe ef the beds being taken from the detailed 
them by Sfx, Richant Brown (Journal of the Geological Society, vol. vl, p. 120) 
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When we turn to the sections of the European coal-fields of this | 
kind, similar evidence ‘presenta itself} In the section of the 
Bristol coal measures between the Avon and Cromhall Heath, 
there were no less than 50 periods during which the conditions for 
soils obtained, and roots (Stigmaria) were freely developed in 
thm thaw wil topped by «gro aasunlation of plants, 
apparently requiring contact with the atmosphere for their exist- 
ence. The general thickness of that series is about 5,000 fect 
and it is based upon an accumulation, chiefly sandy, about 1,200 
feet thick. The Glamorganshire coal-field gives a still greater 
deposit of mud, silt, sand, and gravel, intermingled with soils in 
which roots of some, at least, of the plants of the time spread out 
freely, most frequently, though not always, covered by beds or 
seams of coal, the thickness of which necessarily depended upon 





feet. ; so that if accumulated by subsidence, horizontal beds piled 
on each other, it would have to be inferred that in this part of the 
earth's surface, and at that geological time, there had been a some- 
what tranquil descent of mineral deposits, sometimes capable of 
supporting the growth of plants requiring contact with the atmo- 
sphere, but most commonly beneath water, for a depth by which 
the first-formed deposits became lowered more than two miles from 


* Tho detail of the goncral mass is thus summed up by Mr, 


Peet tn. 
cherries le a7 8 
Bituminous shales. 6S 
Carhonaceous shales 33 
M8 re re 62 0 
te 08 
Limestone su 
Coal 370 
Underelays a 6 
Total . 1,860 0 
From this it would appoar, that white the caloarsons matter Ginestons), exe 
(conglomerate), and mud-minglod organic matter 
shale), were of little inn ea art ft el esa 
and argillaceous shales), and of sand (sandstone), the former 
the latter, ‘The more pure vegetable ier aman ono hr a 
the soils lays) to somewhat lees thar / 


t Seo the detail of the coal-fields of South "wales, 


iptioas 
of Great Britain, vol. |. yp. WL-212). 
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sandstone and conglomerate beds (figs. 38, 57), and as no doubt 
has more often to be taken into account than it has been, in the 


calculations of thickness, It may, however, be remarked, that in 
these coal deposits, where planes of vegetation of a peculiar kind 
seem so frequently to have been based on very soft soils, and the 
whole has been 0 intermingled with continuous accumulations of 
mud, that the general sections appear often to point to great thick- 


should. be well considered, and tha: probable valusiGl thei 
decrease of the whole thickness from such causes be esti. 
mated, 
Though the fine mud of the time (now argillaceous shales) 
gives little information us to deep or shallow water in which it 
may have been deposited from mechanical suspension, 
stones of the coal measures very frequently show that 
been fur more the result of sands drifted along the bottom of 
moving water, than of having been mechanically suspended in it, 
Indeed, the accumulation of the sands is much that which would 
be expected from » pushing forward of the bottom detritus into a 
shallow ion, where the conditions may have been so changed 
by alteration of levels that the sand of a higher situation, and 
nearer its source of supply, was readily transported into it, Sections 
of the subjoined kind (fig. 186) are of the commonest occurrence 


Fig. 186. 
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in many parts of the British coal measures, and they would ap- 
pear not less common in the great coal deposits of North America 
and parts of Europe, the geological age of which has been consi- 
dered somewhat equivalent. By careful removal of the sure 
faces of these beds, the overlaps of the differently-drifted lamina: 
way be seen, and occasionally still better in coast n 


) 4 


Ca, XXVIL] SURFACES OF COAL-MEASURE SANDSTONES, ~ 50) 


Pdetcra 187) isa sketch* of the upper surface of a bed 
of sandstone exposed on the coast near Nolton Haven, Pembroke 
set ang sa ee Sores as its various 





An observer having thus obtained evidence of the apparent 
growth and accumulation of terrestrial plants in place, and the 
rooting of at least some of them in soils beneath of such a character 
that fine rootlets could spread freely amid their parts, has to look 
carefully into the species of this and other plants entombed in the 
general mass, endeavouring to see if there may not be some drifted 
amid the mud, silt, and sands, and even included among the coal 
itself, which may differ from those inferred to have grown on the 
spot. There would appear much to accomplish on this head, at 
the same time, however, it seems probable that while some plants 
have thriven in the planes of vegetable matter now converted into 
coal, others, even trees, have been bome into the general mass of 
vegetation, by water transporting them, as many a river now does. 
Matted masses of plants are often discovered among the sandstones, 
as if drifted by some stream, transporting such plants on its sur- 
face, while it pushed onwards the sands beneath it, streaks of such 
intermingled vegetation sometimes extending many yards in length, 
and occurring amid sandstones, the component sands of which have 
been thus accumulated. The following is a sketch (fig. 188) of 
the upper surface of part of one of these vegetable drifts at Pem- 
brey, Cacrmarthenshire, in which multitudes of the stems of 
Sigilarice und Lepidodendra, chiefly the former, and now con~ 
verted into coal, are crossed and matted together in all directions. 

These drifis of plants, now forming streaks of coaly matter in 





ST renner ele Bid, akan esitaing that part of South Wales with the 
suthor, 
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the sandstones or shales including them, are sufficient to show 

that though numerous coal beds may be the result of the growth 
Fig. 184 





of a peculiar vegetation in place, the roots of which required and 
penetmted a suitable soil beneath, it might #0 happen that exten- 
sive and deep accumulations of drifted plants may wholly form 
coal beds under favourable circumstances, so that an observer, 
while investigating coal deposits, should carefully weigh any evi- 
dence of this kind, as well as that pointing to the growth of 
plants in the situations where their remains now constitute coal, 
‘The two modes of accumulation are by no means incompatible with 
each other, On the contrary, they may be often intermingled, 
sometimes conditions prevailing more, or even entirely, in fayour 
of one instead of the other. At the same time it may be remarked 
that, as careful investigations have proceeded, the evidence of the 
growth in place of the mass of plants now constituting extensive 
coal beds, during the time when the chicf coal accumulations of 
Europe and America were effected, has heen gaining ground, inms- 
much as the soils beneath most of the coal beds and containing 
roots (\Stigmaria) have been very commonly found.* 





* These soils, though far from having been acknowledged as sach, have ben Lm been 
known, and employed ss guides by the working colliers, whose experience taught 
thom thelr frequent occurrence beneath becle of coal, the more expecially where they 
constitute, a4 they frequently do, excellent materials for the firo-bricks #0 often 
required ‘ur coal districts, for the different metallurgical and other uses for 
wih that fucl fs employed. ‘The name given to these ancient soils varios in different 
lay, bottomstowe, and undercliff are not uncommon saxnes in South 
Wate end die ve of England. ‘The ganister of Yorkshire and Derbyshire ts a Bed 
or beds of this kind. ‘Though so long known to the coal miner, they have been 
rarely noticed until lately in colliery sections. 
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An observer will not long have been engaged in the exami- 
nation of extensive coal districts without usually finding that, 
while certain beds of coal can be traced outcropping for long dis- 
tances, and found also beneath the surface at various depths, accord- 
ing to circumstances, others are more local, mere patches, as it were, 
amid sheets of vegetable matter far more persistent over wider 
areas. In like manner some of the former mud, silt, or sands, 
accumulated at the same time, present a more common character, 
scattered over extensive districts, than others, the muds usually, 
as might be expected from their component parts having been dif- 
fused in a fine state of mechanical suspension in water, being the 
most persistent, Taking the chief sheets of coal as guides, duly 
weighing the kind and amount of distribntion of the accompanying 
ancient mud, silts, sands, and gravels, and reducing the section 
and plan, so that all embarrassments of contorted or simply tilted 
beds, with any fractures or dislocations which the whole accumu- 
lation may have sustained, be removed, it will be seen how far 
these sheets of interstratified matter may extend in a manner 
requiring an even, or nearly even surface, over a wide space. To 
accomplish such an object, it will be obvious that an observer 
should free himself from mere local variations, and attend to the 
evidence presented on the large scale. Thus it may be required 
that all the coal districts of Great Britain and Ireland, whether 
remaining as patches, reposing on older rocks, or simply exposed 
by the action of denuding causes which have removed some cover- 
ing of subsequent deposits, should be regarded as a whole, and 
with reference to any portion of dry land of which they may have 
constituted an addition, and from which the needful supply of 
mud, silt, sands, or gravel, now forming its accompanying beds of 
shale, argillaccous and arenaccous, sandstone and conglomerate, 
‘was derived, 

With regard to the sheets of vegetable matter, now constituting 
coal beds, they sometimes present traces of water action on their 
surfaces, much reminding us of the erosion to be seen upon ex- 
tensive areas of bog, channels being cut out by drainage and run- 
ning waters, Sands have been sometimes drifted above such sheets 
Sere ain ee Fig. 189, 

became consolidated, mud, or = 
even sands, first covering 
them, being removed, as in the 
following section (fig. 189)— 
where d is a coal bed reposing on an ancient soil, ¢, full of roots 
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(Stigmaria), and ¢ is mud (shale) first covering the vegetable 
matter (coal), but which was subsequently cut into by the water 
drifting the sand (sandstone) 4, a deposit covered subsequently 
by mud (shale) a, In this manner many a portion of the bed 
once resting on coal may be found swept away in parts, even 
to the removal of portions of the coal beds themselves, The 
Forest of Dean presents an excellent example of channels cut in 
the vegetable matter (now forming cal) of # particular portion 
of the coal measures there seen. The chief channel represented 
in the annexed plan (a, 4, fig. 190), has long been known to 


Fig. 190, 
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« 
q 
SSS 
Sy 
SS 
ae ° 
the colliers of the district as the ‘ Horse.” Mr. Buddle very 
carefully examined the circumstances connected with the ** Horse” 
and its tributaries (c, ¢, c), known as the ‘* Lows,” whence it 
would appear that when the vegetation was in an casily-removable 
state, like that of some bogs, drainage water had cut out a main 
and subsidiary channels, into which a subsequent deposit of sand 
was thrown down, covering over the whole surface, a8 any sand 
deposit might now do a great area of bog if submerged.” 
As proving that the unequal action of water was not confined to 
that on the surfaces of the sheets of vegetable matter, it is needful 
to remark that careful observation will frequently show this to 


have happened with other portions of the coal measures The 
following section (fig. 191), observed on a cliff, composed of thees 


Yoav 





* The ‘Horso™ hax beon followed tn the working of the conl-bed im whleb it 
cccurs (that named the Coleford High Delf) for about two miles, and it bas been 
found to vary in breadth from 170 to 340 yanls. Quarts pebbles sre observed 
in some portions of the sandstone covering up the “ Horse" and the “Lowy,” ma alto 
fragments of coal and Ironstone,—Buddle, “ Geological Transsctions,” vol. vi, 
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rocks, between Little Haven and Gouldtrop Road, Pembrokeshire, 
may serve to illustrate this circumstance. Herein a deposit of 
Fig. 191. 





mud (shale), a a, seems to have been cut into by a furrow at 5, 
extending to ¢, the water which made it bearing in sand, and mud 
being again accumulated over the sand at d. A sweep of the sur- 
face appears now to have occurred, and on the side ¢ sands were 
thrown down from mechanical suspension, (the component layers 
being quite flat, and unmarked by diagonal drifting,) into a cavity 
formed in that direction, by which the previous mud deposit, a a, 
was worn away. Circumstances connected with the local mode of 
deposit then changed, and mud, f, was again spread over the 
surface of the first accumulation, its modifications, and the deposits 
which followed those modifications. 

While adverting to various changes produced by the removal 
and deposit of the mineral matter of coal-bearing deposits, it may 
be desirable to notice the evidence often afforded by the coal- 
measures as to the lapse of time during which their accumulation 
was effected. The various growths of plants upon different soils, 
and the general thickness of the mass may, no doubt, be taken as 
evidence of a long lapse of time, though the rapidity of the growth 
of such plants as are found entombed in these beds may have been 
considerable ; the sand and mud deposits may also have been some- 
what readily effected, and, from a rapid mode of accumulation, the 
soils (underclays) may also have been soon formed, When, how- 
ever, pebbles and small grains of coal itself, are discovered amid 
the sand-drifts and deposits of the period, we seem to advance 
somewhat further in the evidence of a considerable lapse of time. 
We certainly do not know that required, under fitting conditions, 
for converting the vegetation of the kind and period into the coal, 
so that beds of it, partially broken up, could be used as a portion 
of the higher deposits of the general mass. Herein there may be 
somewhat of a difficulty. Still, viewing the subject generally, and 
with due reference to the action of running water on land, or 
breaker action on the shores of waters, also required, no little lapse 
of time would Fae Toad See A RR 
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the great sheets of vegetation, based upon old goils in many situa- 
tions, and often go frequently repeated, afford him important aid, 


deposits, no trace of a sea-bottom is found, though the remains of 
molluscs, inferred to be forms similar to those now detected in 
rivers or fresh-water lakes, have been discovered. While this may 
be true in many districts, and'through considerable thickness, it is 
not s9 a8 8 whole even for the comparatively limited area of the 
British Islands, for here and there the forms of marine molluscs 
are discovered amid the other deposits. Proceeding from south 
to north over this area, it is found that the remains of other 
marine animals, as well as molluses, are entombed in beds inter- 
stratified with the coal deposits, even somewhat thick limestones 
evidence of the presence of the sea for a time sufficient, 
at intervals, for the growth and continued increase of different 
marine creatures.* Duly flattening out all the present inequalities 
of the British coal districts, and reducing the whole towards hori- 
zontality, several thousand square miles of tolerably even ground 
would appear to present themselves, much reminding us of some great 
delta, such as those of the Ganges, the Quorra, or the 
in a state of descent as regards the level of the ocean, in such a 
manner that, as the land was depressed, and the fall and velocity 
of some great river or rivers for the time inereased, detritus was 
borne readily onwards over sinking sheets of vegetation. 

‘That some sheets of vegetation should be more extensive than 
others could scarcely otherwise than happen under such conditions ; 
or that occasionally also the sea waters became introduced, should 
there be any partial subsidence so great that these waters entered 
areas of different dimensions, while lakes of fresh water were 
tenanted by suitable inhabitants, and even limestones were formed, 





* Except in some mre and higher part of the earboniferous limestone series, 
even small coal-seams cannot be tracet in that rock in South-Western England nnd 
South Wales, ‘The mass of the coal mensures of the same 
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embedding their remains. That the general | 
introduced earlier at one portion of a given 
ies hain if some general sea-bottom, ae 
extension of a delta or accumulation of that order, had been suffi- 
ciently raised either by the amount of deposits thrown down upon 
ib oF by general. movensaia i De tes 

joining, land, so that the vegetation of the low grounds 
Pee en teas ‘To whatever extent this or any other 
view of a similar kind may assist observation with respect to the 
general circumstances connected with these coal deposits, the geo- 
logist, in search of evidence of dry lands in certain portions of the 
earth’s surface at given geological times, should carefully attend to 
any which may present itself in favour of terrestrial plants haying 
grown at, or near, the place where their remains are now discovered. 
Tt will readily be inferred that circumstances may haye occurred 
at different geological dates, in fitting situations, under which 
vegetation may have been entombed, producing layers of earbona- 
ceous matter in different conditions of change, eo that anthracite, 
bituminous coals, or lignite may now occur among the mud, silt, 
sand, and gravel, accumulated at those different dates, This is 
now well understood; and the deposits to which the term ‘ caal 
measures” has been especially assigned in Europe and North 
America, have only been selected for notice, because of easy access 
in several parts of those continents. Coal deposits of importance 
are now well known in Asia, Australia, and some other regions. 
How fic there may be iroc€ ofthe gromth, a plates etait 
which have furnished the materials for the carbonaceous portions of 
these accumulations, becomes a matter of no geological 
interest, as supplying information not only of the dry land of the 
relative time which the general evidence may lead us to infer most 
probable, but also ns to the kind of vegetation which, under certain 
conditions, flourished at such times in given 

‘To return tathe comparatively Timitel arenof the the British Islands 
for the purpose of again illustrating how much may sometimes, 
under favourable circumstances, be observed in minor portions of 
the earth's surface, we find two other instances at different geolo- 
gical dates; one, during the accumulation of the group of beds 
known as the oolitic series, and the other, at the close of its deposit, 
when vertical stems so occur that we have further evidence of 
plants entombed in their places of growth, eee 
oolitic series in Yorkshire have been long known as 
* geological horizon,” te odopt the tena of Humbuldy qe 
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stones, and clays, replete with marine organic remains, on the south 


the vertical stems of the Hyuisetwm columnare, apparently in the 
positions in which they grew, were not only found in the shale and 
sandstone of these deposits on the coast, but also at a distance of 40 
miles on the north-western escarpment of the Yorkshire moor-land, 
Pointing to the submersion of many square miles of ground in such 
a manner that the plants were quietly entombed in the mud or 
sand accumulating round them.* 

The Island of Portland, on the coast of Dorsetshire, also affords 
evidence of trees in place, some standing as they grew, with the 
soil preserved in which they spread their roots, These soils have 
long been known by the quarrymen of the island as the “dirt 

beds.”*+ | While some trees are rooted in their ancient soils, others 

are prostrate, in the manner represented in the following section 

(fig. 192); one much reminding us of the “submarine or sunk 

forests" (fig. 152, p. 447) so frequent on the shores of Western 

Europe. In this section} the erect and prostrate remains of trees, 
Fig, 192. 





among which occur those of cycadeous plants, with the soil of the 
period (a, }), repose on a calcareous rock (¢, ¢) containing the 
remains of fresh-water animals, and resting upon the marine oolitic 
limestones (d, d), commonly known as the Portland oolite. Above 
the remains of the trees and cycadeous plants there are other calea- 
reous deposits (¢, e), also containing animal remains pointing to their 
accumulation in fresh waters, and known as the Purbeck beds, from 
being well exhibited at that locality, on the const costwrand from 
Portland. 

‘Thus the vegetation and the soil upon which it flourished are 

‘* Murchison, “ Proceedings of the Geological Society," vol. L., p. 991, 


+ These beds were first described by Mr. Webster, * Geol. apa Bete 
{ As many as three of these “dirt-beds” have been noticed in some parts of this 


peneral 
Only sad fea att bala” rreseiod to {in thoseotion, for more clear illustration 
of the general circumstances under consideration, 
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progress, 0 that the lower part of the oolitic series of deposits 
(various limestones, sometimes oolitic,* sands, and :), spread. 


per Lremchandaretes brett mews 
and animal accumulations so filled up the seas around that the 
shores were thrown back, or that both these causes were in opera- 
tion, it would appear that the remainder of the limestones, sands, 
and clays of the oolitic series, with their animal remains, was 
formed within 4 gradually-diminishing area, as far as that of the 
British [slands was concerned, so that finally, in a portion 
of it, the conditions prevailed which produced the results observed 
in Dorsetshire, and by which the existence ofdry land in 

spots is proved, the remains of trees being found rooted in the soil 
in which they grew, 


depth of deposits is found, pointing to the presence of some large 
river or body of fresh water in the area of South-castern England. 
There accumulations, with the Purbeck beds, are now 

known as the Wealden series, a name derived from the beds of that 
geological time found in the Weald of Sussex, for our first know- 
ledge and numerous subsequent illustrations of which we are in- 
debted to Dr. Mantell:| These beds, consisting of ancient mud, 
sands, and caleareous accumulations, are not only marked by the re- 
mains of fresh-water molluscs, but also contain those of remarkable 
reptiles (Zyuanodon, &e.), of gigantic size,t and of terrestrial plants 
growing in the banks of, or swept down by a river, the matter borne 





* The colcareous grains 80 united together a to resemble the roe of some fishes, 
whence alyo the name roo-stone for this descriy rook. 

+ The Tilgate bods were described by Dr. Mantel! in 1822, in his “Fossils of the 
South 


observer will find anexcellent summary of the Wealden series, as known in England, 
‘and on the continent of Europe, in Dr, Mantell’s “ Wonders of Geology,” 6th edition, 
WoL. L, pp. 360449, Ie should also consult the works of Dr. Fition on the lower 


part of the crotaceous series (greensand, &¢.), contained fn the “ Geological Traus- 
Actions and Proceeding" and bo wll fd soneh fnatruton Sa Bis Colds tothe 


ub Zar the knowledge of thevyale,grlogats are tabled lo the kboars of De 


ceeded at first by many intermingled estuary 

mulations of various extent, and, finally, by those marking at the 
mouth of the English Channel, and between the Shetland Isles 
and Norway, the presence of far greater rivers than those which 
now discharge their waters into any of the seas bounding Western 
Europe from Norway to the Pyrenees. While the Loire and the 
Garonne might readily extend their courses without union over 
i suo, doy Tans, (operon of the Bay of Biscay,) more com- 
plication would arise amid the rivers of the west part of Great 
Britain and around Ireland. Looking, however, to the charts, 
there would be a tendency to gather waters together into great 
rivers outwards between Northern treland and Scotland, and be- 
tween Southern Ireland and the Land's End. 

While thus so far advanced upon the changes which have 
occurred with regard to the presence’ and disappearance of dry 
land in ¢o limited an area as that which has been noticed, it may 
not be undesitable to advert to the great change which subsequently 




















Cu. XXVI.] OVERLAP OF CRETACEOUS BEDS IN ENGLAND. oat 


converted a very extended portion of the same part of the earth's 
surfiee again into a sea-bottom, upon which a considemble thickness 
of mud and sands (greensands and gault), with a thick covering’ of 
calcareous matter (chalk) was accumulated. This was apparently 
accomplished by a somewhat gradual depression of a sea-bottam 
making way for the detritus borne to, and over it, in addition to so 
much of the volume of deposit as was due solely to the accumu 
lation of the hard parts of marine animals, for the evidence is in 
favour of a greater general area being gradually covered, as this 
portion of geological time advanced, so that the higher beds over- 
lapped or overspread the lower, the upper members of this series of 
deposits (the cretaceous), thus reaching beyond the lower in Northern 
and in South-western England. Again, conditions changed over 
the same area, and in the supra-cretaceous or tertiary time we find 
deposits according with such altered circumstances, and showing 
that dry Jand was then intermingled with sea; that there were 
estuaries and fresh-water lakes; and moreover, that there were 
oscillations of the land and sea-bottom, producing submersion 
beneath and emergence above the level of the adjacent ocean, 
These oscillations and their consequences have been, as we have 
seen (p. 445), continued up to the present adjustments of land and 
water, when we have atmospheric influences and the sea wearing 
away the former, the matter thus removed variably dispersed along 
the shores and over the adjacent sea-bottom, no doubt entombing a 
mass of the remains of the vegetable and animal life of the time 
and area—the whole, with the dry land and its lakes, rivers, and 
estuarios, ready to bo clevated above, or depressed beneath, the 
ocean level, as has happened over the same area at previous geo- 
logical times. 
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Cu, XXVIL) FOOTPRINTS OF AIR-BREATHING ANIMALS, ous 


there were great differences in the spring and neap tides (p. 78), 
the evidence becomes more perfect, by the addition of the well- 
marked footprints of animals. Such footprints have now been 
found in various parts of the world—Europe, Asia, and America— 
with and without the evidences of the cracks pointing to exposure 
of the atmosphere, and are highly important, as showing the tread 
of animals on shores or in waters so shallow and tranquil, that 
creatures breathing in the air and walking on soft ground left the 
prints of their footsteps uninjured behind them. ‘The following 
sketch (fig. 194) is taken from the figure by Dr. Sickler, of foot- 
Fig. 194. 





prints in the red sandstone quarry at Hessberg, near Hildburghau- 
sen, Saxony,* and well illustrates both such impressions and cracks 
from desiceation. While these footprints have been considered as 
those of reptiles, some of gigantic Butrachians, others have been 
discovered of forms from which they have been attributed to birds 
of different species and sizes. To these Professor Hitchcock long 
since called attention as occurring in a red sandstone series in the 
valley of the Connecticut, United States} The following sketch 

* ‘Those footprints eppear to have attracted attention at Hemberg, about 182 or 


2434, when they were desribod by Dr. Mohabaum and Profesor Kau, the later of 
whom gave the animals considered to have formed them the name of Chirotherium. 


ery (1898), Dr, Duncan gaye an account c 
Royal Society of Edinburgh, vol, xi.) of similar footsteps found in the new red sand- 
‘Dumfriomhi 


stones of Com Cockle Muir, ire, and in 1894, Dr. Duncan informed Dr, 
Buckland (Bridgwater Treatise, vol. i, p. 250) that lilee had been found 
in the same series of deposits, 10 miles from the former k y, and 2 miles from the 
town of Dumfries. 


+ Profesor Hitchook described these footprints under the name of Ornithichniter, 





The foot attributed to reptiles have, in part, been assigned 
su jathablorss ts Dadp tte at bones have been dis- 
covered in the sume series of deposits. As still further showing 
contact of the air with mud or sand where these or other animals 
have left the imprints of their fect, marks in the same as well as 
other surfaces of associated beds have been discovered, 


or mud, sand having been tranquilly accumulated over the har 
dened surface retaining the footprints and other marks. As the 
resulting marl, clay, or shale is frequently broken by the re- 
moval of the sandstone bed covering it, the lower surface of the 
latter usually reveals the condition of the upper surface of the 
former, before it was overspread by the sand. At the same time 
we haye seen impressions on the upper surfices of sandstones them- 
selves, which, though not so well defined, resemble footprints on 
sca seigeroey cal aust covered over by mud.f 


in the American Journal of Science, vol. xxix., 1896, and also in his Report on the 
Geology of Massachusetts. Sir Charles Lyell also gives an account of them im bile 
“Travels in North America,” chap. 12. ‘The footprints aro of varioun siaey, sonte nok 
Jongor than those of our common sanderlings, while others excoed that af Renata 
measuring 15 inches in length, exclusive of the largest claw, two inches 
Buckland, remarking on the dimensions of this supposed bird, observes 
Treatig vol. ip. 40), thet “in tho African oatrich, witch welghe 100 
Je nine fot high, the length of the leg ia about four feet, and that of the foat tem 


cre An illustrative figure of tho impression of rain drops upon the same slab with 
‘Uint of & Viped, from the red sandstone series of Mi Diseonciatia, le gion gie 
uh, in his * Wonders of Geology," vol. H.y p. 886, 
+ The footprints, noticed in the text a8 discovered in Asia, were found impressed 
upon red sandstone in India, by Liout. Pratt, 
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Cu, XXVIII) EVIDENCE FROM MASSES OF SEA-BOTTOMS. cod 


Of whatever animals the footprints may have been, with the 
cracks from the exposure of surfaces of mud and clay to desiccation 
in the air, and the marks resembling rain drops—for these, how- 
ever singular they may appear, are not to be neglected—they 
show us that, during the deposits of the layers or beds of sand, silt, 
or mud in which they occur, dry land was there at hand also, and 
that the beds themselves may have formed part of its shores, as 
those in the Bay of Fundy,* in the Bristol Channel,t and in 
numerous other localities, where similar and fitting conditions 
present themselves, now do. The mere piling of layer upon layer 
on shores of this kind has been found sufficient to preserve such 
marks (p. 128); and when this is combined with a quiet sub- 
mersion of the locality, so that the layers of deposit are little, if 
at all, broken up, a considerable thickness of beds marked in this 
manner may be, as they apparently have been, accumulated in 
succession, until finally the fitting conditions cease, and the pre- 
servation of such impressions can no longer be effected. 

However desirable it is for an observer thus to trace, by means 
of beaches, fresh or brackish water deposita, the footprints of 
animals on shores and the remains of plants rooted in their 
places of growth, the presence of dry land on different parts of the 
earth’s surface (for the circumstances which have been noticed by 
way of illustration are applicable, with certain modifications, to 
many other regions), in some districts he finds himself so com- 
pletely surrounded by ancient sea-bottoms, piled up in various 
modes in succession, that he cannot avail himself of the aid which 
this knowledge of the probable position of the dry lands of given 
geological times may afford him. Although aware that the wear- 
ing away of the mineral masses forming dry land, furnished, with 
the stirring up of sediment from shallow depths by wave action, 
the materials for the detrital accumulations he may have before 


still be at a loss as to the direction or character of the dry land of 





* Sir Charles Lyell has figured the recent footprints of the on the shores 
of the Bay of Fundy, in his“ Travels in North America,” vol, i, pl. vil. and has 
‘specimens those footprints in different 


+ We have frequently collected good examples of footprints of different kinds pre- 
served in the muddy banks of this channel, left dry and hardened in hot sumer 
weather, on the wide spaces between the lines of neap and spring tides. 
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Cn. XXVIII} FRICTION MARKS ON ROCK SURFACES. Tt 


finally of the magnitude and importance of the present great rivers 
of the world.* 

Although detrital matter deposited from mechanical suspension 
in water, and arranged in layers and beds, may not, from the 
structure of the interior portions of the layers or beds themselves, 
present much information as to the depths of the water beneath 
which they have been accumulated, while they may, as they often 
do, exhibi: the proof of a multitude of very thin layers having been 
thrown down above each other (as many, perhaps, as twenty or 
thirty of these in one inch of depth), their surfices often aid most 
materially in affording valuable information on this head. Tt fre- 
quently happens that the under surfaces may be usefiul as well as 
the upper, inasmuch as they often give the imprint of the former 
condition of the surfaces of layers or beds which they cover, the 
materials of which were of a perishable kind when raised into 
situations where the percolation of water either softened or even 
removed them. Thus the upper surfaces of shales, or hard clays, 
may be converted into mud or soft clay, in which all traces of their 
original state are lost, while some sandstones above them, the con- 
solidated sund which covered over the impressions left on these 
surfaces of clay or hard mud, preserve reversed impressions of the 
state of the old sea-bottom before it was covered up, Under the 
conditions which so frequently present themselves, while alternat- 
ing or intermingled beds of shales, clays, and sandstones are under 
examination, and occasionally, also, limestones, and it is considered 
desirable, if possible, to trace the state of the upper surfaces of the 
mud or clay before they were covered up, the under surfaces of the 
present hard beds above them should be carefully studied. The 
search will frequently reward the geologist with an excellent picture 
of such old surfaces of seo-bottoms, with their various markings, 
even to the impressions left by the crawlings or way-tracks of the 
molluses of the time. There is a class of surface conditions on con- 
solidated layers of sand and silt (sandstone and arenaccous shale), 
to which the term ripple-~mark has been applied, from a supposed 


* If the obsorver will follow out this supposed uprise of the ares in question, he 
‘rll tad ornare efots if tnteeet coeneaied with way thongh teaty sap be 
the coral accumalations 


animal and vegetable life on the and and in the sens adjoining, the chances of salt or 
rods water akon, meaiverranean soa, or he Ike, are yet gollcvely, of Snperisnes 
to be well borne in mind while he may be occupied upon the geological effects 

would thence arise, 























markings were produced, were it not that such kinds of surface 
i arise from similar conditions at different depths. 
We have previously mentioned (p, 90), the friction of streams or 
currents of water on sindy surfaces beneath them, ridging and fur- 
ing the yielding matter, Such may be often seenon the sur- 
of sandstone beds, the ridges and furrows well preserved, as 
beneath (fig. 196), 20 that by carefully studying the steep sides of 





Fig. 196, 
> 





it would appear that a current there found moved with nearly the 
game velocity (0°75 nautical miles per hour) at the depth of 240 
feet (40 fathoms) as at the surface. When we regard the great 
ocean currents of the world, with the probable masses of water put 
into movement in given directions at the same time, it may not be 
improbable that comparatively consideruble depths are exposed to 
conditions where the ridging and furrowing of sand and silt sea- 
bottoms may be produced. It has also to be 








surfuce, very considerable areas could be brought up to the action 
of ocean currents, or removed beneath their influence. 

Upon carefully studying the surfaces uf great banks and flat 
tracts of and which are somewhat suddenly drained by a retiring © 
tide, so that they are not much altered by the action of' the small 
waves or heavy breakers of the time, as the case may be, the 
geologist will frequently find, as already noticed (p. 90), a mixed 
adjustment of inequalities, partly due to the movement of the 
waves before the superincumbent water passed away, and in part 
to the friction of this water draining off the banks and sandy flats. 
‘These ridged and furrowed surfaces are occasionally somewhat ex- 
tensive when the sea deserts a considerable area in a short time, so 
that friction is produced rather suddenly in some general direction, 
‘This will often happen when there may be a heavy sea on shore, a8 
the great waves break ata proportionate distance outwards upon 
the shallows during the progress of the ebb-tide, minor action only 
taking place nearer the coast, where, the great body moving out- 
wards, the ridging and furrowing by friction on the sands may 
point to the chief movement, with the sharp escarpment of the 
furrows often seaward, though the wash of the breakers would tend 
to drive sand before them while rushing on shore. 

Where, as on many great banks dry at low tides at the mouths 
of estuaries, there may be a complication of surface arising from the 
wave movements anterior to the removal of the sea from above 
them and from the friction of waters left to drain off them, it will 
be remarked, as might be anticipated, that much will depend upon 
the state of the weather and tides of the time, Calms would leave 
friction-markings, such as might arisc from the movement of a 
etream of water over a sand-bank before it was left by the tide, 
more than gales of wind, since the wash of the breakers, as its 
action was felt, would pass over and tend to obliterate the ridges 
and furrows due simply to the stream of tide. The more sudden 
retreat of the sea during the chief spring-tides, from the same 
depths, would tend also to leave the surface of a sand-bank more 
marked by any furrowing from the previous flow of a stream of tide 
over it, other circumstances being equal, than a neap-tide, during 
the descent of which, waye-action might be continued for a longer 
time after the stream of tide ceased to be felt on the surface of the 
bank. 

The surfaces of some layers and beds of rock so resemble those 
which are seen in the last-mentioned situations, particularly when 
sufficiently large gece oethaen ce eco ena 
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occasionally sifing theit consent eye as 
formed it of mud may cover any unequal; 

sand, while the agitation of the sea continued. 1 
surfaces of rocks strongly remind us of loose matter’ thus 
about by the to-and-fro action of an agitated sea above, in the same 
manner as sand may be readily acted npon above 
it in conveniently-formed vessels of Sy wutiicn timeroun, Bask 
SO Oe a ee 
and silts in one given direction should be well di 

the latter. ‘Thee mths nse of telgias greg 
(fig. 196), are usually more undulating or evensided, the surfaces 
varying from obscure ranges of depressions, a, 5 (fig. 197), and 

Fig. 197, 
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those somewhat resembling the sharp ridges and furrows of current 
or stream action, ¢, to unequally-distributed and 
elevations and depressions (fig. 198), which require also to be well 
separated from concretions, to be noticed hereafter, and which, suf- 
ficiently juxtaposed, may present a somewhat similar appearance. 





With regard to the surfaces of sea-bottoms, now consolidated 
into hard layers and beds of rock, attention should be paid to the 
probable modifications of them, even at great depths, a 
sage of earthquake movements, shaking these surfaces im 
with the superincumbent water. In some regions, such move 
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pereeeriorass diglermt-yiceer preemie cosy 
being sometimes so considerable, and its application repeated i 
such quick succession, that the finer sediment may be shaken 
‘opidntara imasioal acperkiin Gwlleaata eal ieomet ia ao 
lapse of time again to settle and cover over the heavier bodies, 
taking superficial arrangements according to the vibrations pro- 


disturbance of adjoining sea-bottoms has alsoto be regarded. Thus 
the effects of the transmission of earthquake vibrations both on the 
large and minor scales, those of the great sea-wave, and of the 
smaller movements produced by the contact of the sea-bottom and 
water above it, the earthquake vibration travelling faster 

the former than the latter, have algo to be borne in mind when the 
surfaces of sea-bottoms of even the oldest geological times are under 


forms presented to his attention. Submarine areas thus disturbed, 
and the surfaces of the sea-bottoms moved, could scarcely often be 
otherwise than considerable, the effects, no doubt, modified by 
relative depths of the water, the facility with which the vibrations 
could be transmitted through the various supporting bodies, and the 
like. Ridges and furrows may be mised in certain localities by the 
onward courses of chief sea~waves in the shallower waters, and not 
be again wholly obliterated, though often modified in form before 
they were finally covered up and secured in shape until constituting 
a portion of hard rock. 

While there may often be much uncertainty as to the depths at 
which the component parts of layers and beds of rock, even with 
ridges and furrows on their surfaces, have beon thrown down from 
the watera in which they have been previously held in mechanical 
suspension, when unaided by other evidence, the arrangement of 
parts rerulting from the pushing of detrital matter forward on the 
bottom often seems to point to somewhat shallow waters. In this 
Case, again, as the depth is uncertain to which currents may act on 
sea-bottems, these unequal, like those at the edge of the soundings 
of 1,200 feet (200 fathoms), from Spain round the British Islands 
to Norway (p. 460), so that sedimentary matter derived from 
adjacent lands is transported and pushed along the bottom into the 
hollows, the like effects may be produced at far greater depths than 
is usually inferred. di ears Or 

m2 





ai 


manner: 
Austen has called attention,* 80 that after 
what level sea-bottom, the general increase | 
still further outwards over uneven ground, the ma 


much as on the outskirts of rivers 


Fn cat clon son otter sal aeteere da pipe 
even sandy beds, affording sections of the 


suspension. 
Diagonal arrangements of the minor parts, resulting from this 
pushing action along the bottom, are very common im many sand~ 
stones, as well as those which, from their occasional, 
leave little room to doubt were formed beneath the sea, as in those 
so frequent in many parts of the coul-measure accumulations (p. 508). 
These armngements are sometimes diversified in a way to show, 
that while some of the sandy matter has thus been forced or brushed 
onwanls on the bottom, the same kinds of sand were, wt other times, 
thrown down in horizontal layers, more pointing to deposit from 
mechunical suspension, Instances of this kind are not mre, 
following section (fig. 199) of the arenaccous beds, forming a kind 
of passage from the old red sandstone in parts of Ireland to the 
lower and usually shaly beds of the carboniferous limestones (the 
yellow sandstone series of Mr, Griffith), may be found’ usefalt 
Fig. 199, 













* Austen, on the Valley of the English Channel; Journal of the Geslgtet | 
London, vol. ¥ 





Cork, 
Bantry Bay. ‘Lhe whole is highly illustrative of contemporaneous 
this clog dato, modified fy ihe coodstions uader Wiehe they have been 
uch as varicties of the sedimentary matter carried, pushod forward, of 
according to distance from its supply, and different depths of water, 
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Cu, XXVIILJ PARTS OF BEDS AMONG DETRITAL ROCKS. 8383 
In this section, forming only « portion of a far more consideruble 
thickness and extent of beds, exhibiting general evidence of the 
like kind, a horizontal deposit of sand (e), probably from mecha~ 
nical suspension, is covered by a silt (d), apparently also aecumu- 
lated in the same manner, To this layer succeed two beds (¢), 
pointing to an accumulation from sands pushed or brushed along 
the bottom, there having been a sufficient pause to make a surface 
between them. This condition changed, and horizontal layers (a) 
were aguin formed, 

‘The following section (fig. 200) will serve to show that the 


Fig. 200, 








like unequal distribution of component parts, even 
gravel drifts amid sandy and muddy sediment, is to be found 
still older fossiliferous deposits, being one among many others to 
be seen on the ascent of the Glydyr Vawr, on the north-east of 
Snowdon, where the lower Silurian rocks are much mingled with 
volcanic accumulations of that geological time. Among some rocks 
the exposed surfaces as well as sections point so much to the shift- 
ing of minor streams or currents, sufficient to carry forward pebbles 
of fair size, the general accumulations poiuting to repeated action 
of this kind, that, looking at the forces of existing currents, these 
deposits would generally seem referable to shallow waters. ‘The 
accompanying eoction (fig. 201) of old red sandstone at Ross, 
Herefordshire,* of a kind common to much of the same series of 
deposits in that and adjoining districts, will illustrate this mode of 
oveurrence, 

When the disturbing power of wind-wave action upon sea- 
bottoms, to whatever depth that power may sometimes extend, 
und the modification of surfices which may be produced during 

NZ a a 
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Cu, XXVUL] MODE OF OCCURRENCE OF ORGANIC REMAINS, 935, 


manner in which organic remains have been enveloped by it occa- | 
sionally presents itself. While, on the one hand, we see the shells 

of molluscs precisely in the positions in which these animals buried 
themselves in the mud, silt, or sand, of the time, according to their 

habits; at others, we find the its of shells or corals in mul- 
titudes, dealt with and arranged like ordinary mineral substances, 
precisely as may often be found at the present day, and especially 

amid coral accumulations on the large scale, such as among the 

Great Barrier Reefs of Eastern Australia, 

‘The occurrence of organic remains in the situations where the 
animals lived and died, affords direct proof that the fluviatile, 
lacustrine, estuary, or sea-bottoms, thus containing these remains, 
have not been broken up and re-arranged, but that, independently 
of consolidation or certain other modifications of structure, they 
exhibit plans and sections of the fresh or brackish water, or sea~ 
bottoms of a particular geological time, Careful search shows that 
this manner of entombment is by no means so rare as might once 
have been considered. The occurrence of the remains of boring 
molluscs in the holes formed by them in rocks, has been alrendy 
noticed, as resembling those of any Pholas in limestones of the 
present day on the British coasts (fig. 176); and it has been also 
stated, that during calcareous deposits of the sume date (inferior 
colite) several beds in succession were drilled at their surfuces by 
the sume species, the shells still in the holes made by their animals 
(p. 486), With respect to molluscs piercing mud, silt, or sand, 
we may point to the observations of Mr. Prestwich, as to the ehella 
of Panopea, found abundantly in the vertical position common to 
the habits of the existing species, in the beds of the London clay 
at Clarendon Hill, and of Panopaa, Pholadomya, and Pinna, at 
Cuffnel ; as also to those of Dr. Fitton, on a similar mode of pre- 
servation of the shells of Panopea and Pinna, in the lower green- 
sand of Southern England.* In cases of this kind, it certainly is 
not always clear that the animals, thus in the positions which their 
habits required, were suddenly destroyed by any physical change 
in the water or the kind of sediment deposited above them, though 
this may be surmised, since in all beds containing burrowing mol- 
luses, their shells may be found in the positions where they died 
under ordinary circumstances. Be this, however, as it may, it 
proves that these animals of the time lived and died in the mud, 
silt, or sand, now perhaps beds of hard rock, in which their remains 
are found. 

* Journal of the Geological Society of London, vol. 
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regions, gases, 
phuretted hydrogen and others (p, 323), when 
into waters through subaqueous fissures or v 
destroy the animals to which they find access, 
at all geological times as well a3 at 
subaqueous fissures formed at all periods during 
from which gases have been evolved, destructive of 
would be inferred to have been always followed by the 
So also with the heat communicated to waters dur 
volcanic eruptions, or when fissures, formed during 
reached the depth of very considerable temperatures, 
gard to waters impregnated with deleterious gases, so lo 





* This section was taken at aq) of Forest marble, part of the 
the Butts, Frome, Comersctshice. The Bath oolite, tae whtel 7 
as tay be well seen in i 
‘8 modification of the same 


clay, conditions from time to timo having occurred, dist 
‘loposlt of tho mass of mad of the bods termed Pullers eneth, wan 
by theeo shell drifts, 
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remained sufficiently disseminated in them, predaccous animals, not 
included in the areas s0 affected, would be prevented from enter= 
ing in order to feed upon the multitudes of fresh-water or marine 
animals which may have been killed, until their remains were 
covered over by fine sedimentary matter; or, being burrowing 
creatures amid mud, silt, or sand, until the sedimentary matter 
‘was 60 adjusted around them, with probably also a certain decom- 
position of the softer parts, as to be no longer desirable food, if 
even they were attainable, 

Multitudes of fossil-fish are sometimes so found in rocks, that 
their sudden destruction, with the preservation of their bodies from 
predaceous and scavenger creatures, seems needful in order to 
account for their mode of occurrence, it appearing also 
that their entombment in the containing substances was sufficiently 
mupid, subsequently to their death, to prevent the distribution of 
the various harder parts of their bodies after decomposition, In 
all cases where volcanic action can be inferred at various i 
times, at or near the localities where the observer may have 
aqueous deposits under examination, and which present the re- 
mains of animals in a condition showing that whole creatures have 
been preserved without injury to the arrangement of their harder 
parts, he will do well to recollect the modes of entombment which 
imay now be in progress in similar regions of the present day. He 
will thus see organic remains among the volcanic ashes of different 
geological times, even amid the old accumulations of the Silurian 
deposits, (Ireland, Wales,) and in such positions as very forcibly 
to remind him of the causes of destruction and preservation which 
he finds, or can fairly infer, are now in action, 

Independently of any sudden destruction and entombment of 
animal life in connexion with voleanic eruptions or 
movements, the study of the old fresh-water and sea-bottoms 
presents us with the occurrence of animal remains so preserved, 
and amid such substances that the sudden influx of waters, changed 
with much fine matter in mechanical suspension, may have de- 
stroyed multitudes of aqueous animals in some given area, At 
least, their remains are so entangled amid this matter as to lead to 
this inference. That fixed creatures or others of slow movements 
could thus readily be overwhelmed, would be expected under euch 
conditions at all geological periods. When, for example, in the 
vicinity of Bmdford, the Apioorinites of that locality is found 
rooted upon a subjacent calcareous bed (one of the oolitic series) 
and entangled in a seam of clay, its parts sometimes beautifully 







a 










preserved, it may be inferred that it was 

sees it could not escape, In like manner, 

preservation of long uninjured stems of various encrinites 

So ae 

stone and rocks, a fine sediment, 
Rep 


ore Sod hs grat canon daectbeon a 
a few inches, over areas of a square mile or more, as if suddenly 

ed, The beautiful bed of myriads of ammonites cecurring 
amid the lias of Marston Magna, Somerset, was 4 good case of this 
kind. It sometimes happens that the shells of molluscs show that 
when their animals were entombed, the space occupied by their 
bodies prevented the entrance of the sediment which 
them. ‘The following section (fig. 203) of an ammonite (li 


Fig. 208. 





Lyme Regis) may be taken as an example of this mode of occurrence. 

All the chambers of the ammonite are filled by carbonate of Time, 
infiltrated into their hollows, beyond which there is a space ap- 
parently occupied by the animal when overwhelmed by the sur- 
rounding calcareous mud, now argillaccous limestone ; this space 
terminated outwards by sedimentary matter (a) which entered so 
much of the shell as the retreat of the animal permitted. In this | 
case the intruding sediment has become highly impregnated with 
dark-coloured matter, as if effected by the decomposition of the 
animal within, Such deposits as clays and argillaccous limestones, 

the latter especially, from the usual consolidation, without much 
pressure, of the matter around the organic remains, are very favour- 
sble for observations of this kind, numerous shells of molluses ap- 

lensing to alow that their animals may lave beta: ia Dn 
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time of their entombment. In such researches attention should be 
paid to the positions of the shells in the beds, and the forms of 
their interior cavities, so that the entrance of sediment might be 
prevented by such positions and forms. Multitudes of 

are found in certain areas and deposits where the presence of the 
animals in their shells would seem required. When we consider 
the probable voracity of numerous creatures in fresh and sea 
waters, and the multitudes of scavenger animals consuming decayed 
animal matters at all geological times, the discovery of certain 
aqueous reptiles preserved entire amid rocks, even with the con- 
tents of their intestines preserved, leads us to infer that their en- 
tombment, if not also their death, was sudden. And this appears 
the more probable when we find, as often happens, that in the 
same deposits the same kinds of aqueous reptiles are dismembered, 
as if by predaceous animals feeding upon them. While at times, 
in the lias of Western England, the skeletons of Iethyosauri and 
Plesiosauri are so well preserved that all, or nearly all, nate 
are in their proper relative situations; even their skins 

ssid the: cotténta ch their intestinespabiihettimne/o# Jatceutiing 
right places, at others the bones of these reptiles are dispersed, 
though not always far removed from the place where the animals 
died. In fact, the appearances presented are precisely those of 
decomposition having been so far advanced that the scavenger 
animals could feed upon some of the carcases, and dmg the bones 
short distances, 80 as somewhat to scatter them, 

Every mode of the occurrence of organic remains should be 
carefully considered, and viewed with reference not only to the 
district, as regards the depths of water, and the probable form of 
any neighbouring land, but also as to the general distribution of 
marine life at equivalent geological times over much more extended 
arcas. The endeavour to obtain a general view of the distribution 
of life over great surfuces at given geological times, as well us of 
the deposits effected during those lapses of them to which given 
names have been assigned, would appear especially needful. Expe- 
rience has tanght geologists that many a genus of marine animals, 
the remains of which were at first found only in particular beds of 
various districts, have been discovered in the deposits, both of 
more ancient and more modern periods; as aleo that, as regards 
species, these will be observed in cortain districts to have a wider 
range than in others, through a section of consecutive sea-bottoms. 

Tt would seem essential that an observer should well weigh the 
evidence of the distribution of the animal and vegetable 


have to be carefully dissected to ascertain the ms 
under which the remains of life entombed in them have been 
gathered into the situations where they is . 
the life itself was then adjusted. At all geological 


by the great causes of ocean currents and tidal streams, however 
modified these may have been by the manner in which dry land 
presented itself amid the occa», at any particular ri i. 
At the sume time that all due attention is paid to theoe 

stances, it becomes also necessary to bear well in mind c 

cations and changes which would arise from the movements of the 
crust of the earth elevating or depressing mineral masses, eo that 
sometimes they were aboye the sea level, sometimes beneath it. To 


much attention from Sir John Richardson in hix “ Psuna 
and British Asociation Re} 

+ Anwuming that the saline contents and their 
‘boon materially 
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advert again to the change produced by the submersion of the 
Isthmus of Panama, and the junction of the Atlantic and Pacific 
Oceans, the land descending to the moderate (geological) depth of 
1,000 feet, relatively to these oceans. By recent observations it 
would appear, that the summit level Caumnel Baldwin's) io 299 feet 
above the sea, so that when the depression had continued to 600 
feet, there would be a channel above this height deeper than 
between Dover and Calais; and when the submersion to 1,000 feet 
had been completed, one deeper than any part of the North Sea, 
or the channels between Great Britain and Ireland, or these islands 
and Franee, one nearly corresponding with the line of 100 fathoms, 
extending from Spain, outside the, British Islands, to Reema 
(fig. 65), 

By comparing a map of the Americas, with the land riick 
would be under the ocean, if this movement of depression were 
carried out, gradually diminishing no farther than 20° of latitude 
on each side of the isthmus, the great modification likely to arise 
from the free passage of the waters of the Atlantic into those of the 
Pacific, and the difference of the surface of dry land, will be 
obvious.* Tt is by carefully considering » few areas of the present 
dry land in this manner, with regard to the effects of depression or 
elevation, as the case may require, that the observer will readily 
perceive how needful it is for him, when endeavouring to trace 
the distribution of the life of any particular geological time, well 
to weigh the consequences of such changes ; whether, on the one 
hand, they permit a mingling of species previously separated, or 
separate some given area, distinguished by the presence of some 
marked species into two parts, one or both of which were eubse- 
quently eubjected to different conditions, 

Inasmuch as we find marine animal life adjusted to certain con- 
ditions, among which, from the labours of Professor Edward Forbes, 
and other naturalists, depths of water may be considered, all other 
circumstances being the same, to have an important influence ; 
reasoning from the known to the unknown, we should expect an 
adjustment of a similar kind to have extended back to the earliest 
state of the earth's surface, when water, fitted for life, washed the 
shores of continents and islands, Even under the hypothesis of a 


+ With regard to the differences in the levels of tho Pacific and Atlantic on the 
shores of the Inthious of Panama, the researches of Col. Lloyd would give « 











Sissy tho evident uffcied by So pyle Aa 
siliferous rocks in connection with that presented by the contained 
organic remains. It may be that certain forms of the shells of 
molluscs, for example, are deceptive, so that the 
may not always reason safely when referring some to animals 
similar to those now living near shores or in shallow or deep 
waters; and that these last may be found to vary at the present 













ronal eridoace: bes ef nigh; yotahegeea ana 
occurrence which may be ultimately seen to be somewhat constant ; 
while others, though they present themselves in a more uncertain 
manner, may yet be important as regards the general 

As the researches of naturalists show that whether we rise high 
into the atmosphere, or descend deep into the sea, the conditions 
for the existence of life, under various adjustments and modifies 
tions, terminate ; it follows that the great mutability of the earth's 
surface, as respects both conditions, could scarcely fail to produce 

great changes in that life, independently of those made inherent to 

it Fences: ‘The separation of great areas of dry Tand: 
minor portions has been above mentioned, as producing even the 
extinction of certain kinds of torrostrial life, while at others it 
may have preserved parts of it and mingled some together. Upon 
the descent of a continent beneath the sea (and the 
the geologist teach him the necessity of such submersions, 
that the dry lands for the time have been chiefly raised from 
beneath seas into the atmosphere), any terrestrial life peculiar 
would be destroyed, though evidence of its existence 
preserved amid mineral matter where circumstances pean 
Tn like manner when, upon submersion, shores ceasod to 
themselves, the littoral marine animals, previously ii 

























Ca. XXVILJ] DISTRIBUTION OF ORGANIC REMAINS, 58 


them, and moving to the coasts as these retreated upon the descent 
of the main mass of land, would be expected also to have disap- 
peared, unless able wholly or in part to have adjusted themselves 
to the new conditions. When, however, zone after zone of the 
marine vegetation disappeared az the circumstances fitted for its 
growth ceased, the animals which fed upon the plants would perish, 
and with them those which lived upon the vegetable eaters, unless 
they could escape to other localities where food of the same kind, 
or of others which they could substitute for it, was to be found, 
and was sufficient for them. If in the annexed section (fig. 204), 





I iirc) cad love et severe, sesiesne Ge 
80, and ¢ vd the outline of any mass of land, partly in the atmo- 
sphere and partly beneath the sea, and 0, 0, 0, 0, the depth at 
which marine plants supporting the life of a certain portion of 
the marine fauna grew, the littoral portion of that life would be 
shifted to x 2’, upon submersion of the land to ¢ f, and at the 
same time a portion of the sea-bottom inhabited by animals at 
greater depths would be brought lower down, so that these would 
probubly also move over the ground of others previously adjusted 
to minor depths. Submersion continuing, when it reached the 
line g A, the shores would still further be shifted to y y’, with the 
same general consequences as before, and so also with the submer- 
sion to, When it reached 2m, the whole of the land, previ- 
ously above water, would be beneath it, and littoral life may be 
considered to have disappeared when it reached m p. At the 
amount of submersion represented by the line #¢, the whole of the 


land, tending to plane it off, as the great Banks of Newfoundland 
may have been land to a certain extent levelled out during 
gmdual submersion, have not been included, in order to render 
the illustration simple. During, however, such depression of the 
land, this action has to be well borne in mind, so that the detritus 
thence arising, distributed over the sunk land, and entombing the 


. 





entombing: 
inhabited deeper waters adjoining, the following, 
section (lig. peseda may serve to show the manner in which 
Fig. 205. a 





may be, and appears to have been accomplished, during the sub- 
mersion of land and its shores. If a 6 represent the level of the 
sea, and ¢ da surface of land and its shore which has been gradually 
depressed beneath it, ¢, the littoral accumulations when & was the 
coast, f and g, those when the sea boundaries were at Z and m, as 
h is supposed to be at the time of the section, there would 
always be deeper waters outwards in the direction ad. Hence, 
though  certuin thickness Of: depots «fy 
to circumstances, might cover the surface of the descending land, 
entombing the remains of the littoral marine animals, these would 
be covered, in the direction outwards, and as the land descended, 
by detrital deposits of kinds which could be transported to and 
formed there, a corresponding scrics of marine animal remains in- 
termingled with them, differing as far as the deeper water differed 
from the littoral marine life of the time. Thus numerous species 
which had been really contemporaneous with these entombed be- 
neath may appear, in certain sections, to have succeeded them as 
creations in tho progress of geological time, thie appearance ex- 
tending even to the remains of those living in the deepest waters 
of the period and locality, as any large mass of hy eee 
submerged. 

With respect to the emergence of land, shold this be grado 
large areas might be laid dry, presenting sheets of 
matter not contemporaneously produced, yet containing littoral 
species of molluscs in great abundance, these species being of the 


same kinds, should no change have been effected in that portion of 


the animal life of the locality and time during the rise of the land 
and sea-bottom. If the sea-bottom around the British 
were gradually raised, so that the boundary line ext 
more than 100 fithomsin depth (fig. 65, p. 91), the 
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littoral molluses would be scattered amid the accumulations of the 
time, as the shores became extended, covering over those of other 
and contemporineous molluscs. If a %, in the following section 
(fig 206), represent the level of the sea, ¢ d a surface of rock, 


Fig, 206, 








partly above the sea and partly beneath it, and ¢ a deposit extend- 
ing to r, it would contain the remains of molluscs inhabiting the 
different depths, including those at which wind-wave action could 
drive them onwards towards the coast. If the land be now raised, 
so that the relative sea level be represented by h h', a deposit f, 
extending to s, would be under similar conditions as that pre= 
viously formed and extending to 7, and so with an accumulation 
g extending to t, Successive beds &, 2, m, are thus produced, 
probably containing the remains of molluses, allowing the mingling 
of many by the action of the waves in shallow situations, and 
corresponding with the depths Ak’, ag’, ff, e¢, 80 that, other 
things being equal, these exuvim are similar in sections of the 
detrital accumulations which do not correspond with the general 
planes of those deposits, but with others representing their littoral, 
shallow, or deep-water conditions, a3 the case may be, of succeeding 
times, 

‘These modifications, from the causes noticed, have to be well 
considered when certain organic remains are viewed as character- 
istic, as it has been termed, of the accumulations of a iT 
geological time, those to which some name may have been assigned. 
When any such are found more in abundance in, or seem confined 
to, the deposits of some particular urea, and appear to be the 
exuvite of animals which have lived at or near the localities where 
they are obtained, the kind of bottom, probable depth of water, 
and proximity to or distance from the dry land of the time have 
to be sought, so that the conditions under which the creatures 
themselves flourished may be duly appreciated. In such re: 
searches it will be often found that the kind of bottom appears to 
have materially influenced the abundance and distribution of these 
particular animals, so that, when a change was effected in the 
sedimentary matter deposited, they moved elsewhere, even ro: 
Snraegip (tha suas slsratenve Xe earn tO ce eae 
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Tae tetris of woeenletoo, tis bathe cea 
mnds drifting or being thrown over the mud, or the latter over 
the former, the animals would follow the modifications according 
to their habits. ‘Thus in any given sections of these sea-bottoms 
streaks of different kinds of them may be found 

with peculiar organic remains, the animals from which they were 
derived merely shifting their ground as circumstances arose, thus 


similar animals, very great care seems to be required in a 
particular species as characteristic of geological 
without reference to their mode of occurrence at the time. It 
would seem very needful that the probable habits of these sp 

thould be well considered, so that proper importance | be 
assigned to other and contemporaneous species whcse remains 1 

be equally of value in continuous or contemy | 
formed under modified conditions elsewhere. Unless pee 

it may often happen that littoral species, very characteristic of the 
chores of a particular region, will be uedlesely sought for amid eom- 
temporaneous accumulations in the deep seas of other regions, 
while not a trace can be found of deep-sea species, abundant ole 
where at the same geological time, amid shallow water and littoral 
deposits. 

The calcareous and fossiliferous accumulations of different dates 
are frequently of so mixed a character as to require much etre. 
‘They are often mere beds of organic remains; these cemented 
together by the carbonate of lime, which, after the deposit, has. 
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been formed at the expense of the organic remains themselves, 
At other times, however, they have been clearly produced by de- 
posits from solutions of the bicarbonate of lime, in the manner 
previously mentioned (p. 106). Some limestones require very 
careful examination in order to ascertain their mode of formation: 
‘Thus it has been observed that beds presenting no appearance of 
organic remains to the naked eye, may yet be found to be almost 
wholly composed of them when the microscope is employed and 
due precautions taken, In this manner many beds of the moun- 
tain limestone series of the British Islands have been found replete 
with the remains of life where none were at first suspected. Even 
when upon exposure to atmospheric influences fossils of far larger 
dimensions, readily visible to the naked eye, and extending to half 
an inch or more in length or breadth, are found in fair abundance, 
it sometimes occurs that the ordinary fracture of the limestone bed 
muy not readily show them, We do not here include the remains 
of enerinites, echinites, and some other fossils, which, from their 
thomboidal fracture, a little practice will enable an observer readily 
to distinguish; but others, where they are fir from being easily 
detected. The most beautiful shells will occasionally thus present 


themselves upon searching a weathered surface, not a trace of 


which can be obtained by ordinary observation. 

It is now known that certain beds, as well siliceous, calcareo- 
siliceous, as calcareous, are made up almost wholly of minute 
organic remains, far too small to be seen by the unassisted eye, 
For our great progess in this order of investigation geologiste are 
indebted to M. Ehrenberg, who has shown how much infusorial 
remains are diffused, even producing deposits of considerable im- 
portance, and most materially adding to tho volume of others, 
Whether or not some of these microscopic minute bodies may be 
vegetable instead of animal, their geological importance remains 
the sume, if indeed it be not increased from such deposits, alto- 
gether or in a great measure composed of myriads of microscopic 
omganiama, being referable to both animal and vegetable life.* 

While on the subject of deposits chiefly formed of organic re~ 
mains, the probable chemical composition of these remains, when 
first introduced amid the accumulations in which they are found, 
should not be neglected. In this manner it may be seen that the 
magnesia, 30 much more commonly distributed amid limestones than 
hus often been inferred, may sometimes be due to such remains, 
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soas, at different times in such portions of the earth’ 
Regarding that surface as a whole, it is difficult to 

the distribution of life, allowing for great changes in 
bution during the lapse of time, could not have been. 
conditions as they successively arose, and which mo d 
in one locality than another, so that great care seems 
properly to separate the local from the general effects p 
assumed equal periods, or during a long succession 
Modem investigations, while they, on the one hand, lead 
infer many great changes in animal and yegetable life 
accumulation of the various deposits in which its remains have 
been preserved, teach us, on the other, that forms once supposed 





eanay te tha spree the vores Slants vhiahr oe 
Gi for the purpose ig the various 

have undergone under different conditions of entombment, he found 

to the extent of 6 and 7 per cent. in some recent corals, 

+ In countries, and especially in tropical islands, such as the West 
the off-shore or land-winds aro at times somewhat strong, multitudes of 
afeas ori out bo en whee, Choi Ue Sahat eed a 

marine ¢reatures, some fall in situations to be entombed emid mud, 
‘Thote accustomed to pass along such coasts are familinr with this fact, 
coasts in suinmer weather present mony Instances of insets 
coasts seaward by the sudden setting in of the land-wind in the 
to 
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only confined to the more modern accumulations have existed 
in far more remote times.* While it is probable that the evi- 
dence of great changes having taken place during the lapse of yeo- 
logical time in the vegetation and animals which have existed on 
the earth’s surface will be only confirmed by extended research, it 
seems equally probable that investigations carried out with 

regard to the varying physical geography of different geological 
periods will show the necessity of tracing the probable causes pro- 
ductive of new adjustments of lands and waters at those different 
times, and of studying the distribution of the lifet of such times 





to point to such animals as tho trilobites, among the more ancient accumulations, 
and fo the ammonites of the middle portion of the fossiliferous series, to show thnt 
certain roarine creatures which have now ceased to exist once swarmed in particular 
areas at given times, and have not lived after those times, Nodoubt the preserva- 
‘ton of the parts of many terrestrial animals requires & combination of favourable 
clroumstances, so that no great surprise is to be experienced when wo obtain fow: 


deripii, Owen) in the Stonesficld alate (oolitie series), near Oxford, are sufficient to 
introduce caution into general reasoning as to the existence or non-existence of 
ferret mamas ot diferent pelosi nes Seating a he nn de 


‘are decidedly marine; the bones of Didelphis (Amphitherium and Phaseoletherium), 
‘Mogalosaurus (a great eaurian 40 or 50 feet long, partaking, according to Cuvier, of 
the truotare of th osttocs evnella) ant seat (@ ing owurben), arama 
mixed with nmmonites, nautili, belernites, and many other species of marine shells, 
that there can be little doubt of this formation having been deposited at the bottom 
‘of sea not far distant from yome anclent shore.” With respect to the wing-covers 
‘of insects found in the samo deposit, Dr. Buckland remarks (Bridgewater Treatise, 
vol. i, p, 411) Bat they are all coleopterous, “and in the opinion of Mr. Curtis, 
many of them approach nearly to the Bupreatis, genus now most abundant in warm 
Jatitudes.” 
* As regards the forms of molluses, the genera Avicula, 

Lingula, and Orbicwiu are found from the Silurian rocks upwards to the present day, 
‘The like with Turlo, as a rostrictod genus, and also with Nautilus, with slight varia~ 
tions in form, With respect to those remarkable and beautiful enimals the star- 
seins, Froteaiic Saved Wohi etuis, an oytles of ie erst Cree Oe 
in the Silurian rocks closely rosombling the existing northern forms (Decade 1, 
‘ Merscrvof the Geclogieal Hervey”), and that tn tha ling Uruer Gang! (Dscede IL), 
is only critically to be distinguished from the common Cruater rubens, now inhabiting 
the British seas. According alto to the Profesor, the Trvbratula striatula, of the 
eretaceous series, cannot be distinguished specifically from the Terebratula caput-ser- 
‘pentis of the sme seas. 
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CHAPTER XXIX. 


IGNEOUS ROCKS OF EARLIER DATE THAN THOSE OF MODERN VOLCANOS— 
SIMPLE SUBSTANCES FORMING IGNEOUS ROCKS,—VOLCANIC PRODUCTS 
AMID THE OLDER FOSSILIFEROUS ROCKS,—FOSSILS AMONG OLD IGNEOUS 
PRODUCTS.—VOLCANIC TUFF AND CONGLOMERATES AMONG THE SILURIAN 
DEPOSITS OF WALES AND IRELAND.—OLD VOLCANIC PRODUCTS INTER= 
MINGLED IN THE DEVONIAN ROCKS OF SOUTH-WESTERN ENGLAND,— 
IGNEOUS ROCKS ASSOCIATED WITH THE CARBONIFEROUS LIMESTONE OF 
DERBYSHIRE.—RELATIVE DATE OF THE WICKLOW AND WEXYORD GRA- 
NITE3—OF THE DEVON AND CORNWALL GRANITES,—UNCERTAIN DATES 
OF SOME IGNEOUS DYKIS.—ELVAN DYKIGS IN CORNWALL AND DEVON.— 
IGNEOUS KOCKS OF THE NEW RED SANDSTONE SERIES OF DEVONSHLRE.— 
DATES OF COLNI2It AND DEVONIAN ELVANS,—ELVANS OF WICKLOW AND 
WEXPORD.—CHEMICAL COMPOSITION OF IGNKOUS ROCKS—EYFXCTS oF 
SILICATE OF LIME IN IGNROUS ROCKS. 


As has been previously remarked, the distinction between the 
products of active and extinct volcanos is rather one of conve- 
nience than of fact; and the same may, to a certain extent, be also 
observed as to the differences between those above noticed (pp. 
317—407), and the products about to be mentioned. By arrang- 
ing igneous products according to the different geological dates 
to which they may be assigned, the observer has the means of 
studying not only their modes of occurrence, but also the con= 
stancy or change of the elementary substunces entering into their 
composition during the lapse of geological time. 

The igneous rocks known to us by their appearance on the sur= 
face of the globe, have been found sufficiently well distributed to 
be available for an approximative estimate of their component 
elementary bodies. Viewed as a whole, they are chiefly oxides of 
substances commonly considered simple, one of the oxides, that of 
silicon, acting as an acid, and combining with a large portion of 
the other oxides. Silicie acid (silica), free or combined, may be 
seen more to prevail in certain rocks than in others; but there are 
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of igneous products having been thrown out in the manner of 
those ejected from active voleanos at different geological times, 
As it 20 happens that certain portions of the earth’s surfaee appear 
to have remained in a state undisturbed by igneous action from 
very carly periods to the present day, while other portions seem 
frequently to have been subjected to this action during the sume 
lapse of time, all regions, however interesting they may otherwise 
be geologically, do not present the needful conditions for this kind 
of investigation. In the British islands, presenting so many coast 
and other natural sections, as also so cut and pierced by the 
operations of the miner and engineer, it fortunately happens that 
amid the older fossiliferous deposits there is evidence of igneous 
products haying been contemporaneously ejected. Igneous rocks 
are so entangled with detrital accumulations of the Silurian series, 
especially well exhibited in Wales, and in the counties of Wicklow, 
Wexford, and Waterford, on the opposite shores of Ireland, that a 
geologist has excellent opportunities afforded him for observation. 
He finds that the igneous products, thus associated with these old 
fossiliferous deposits, may be divided into those which have occu- 
pied their relative positions in a molten form, and those which 
have been mingled with them through the agency of water, with 
also certain accumulations which may even have been piled up in 
a mechanical manner in air. 

Having in view the manner in which the lucts of existii 
valeasoe ass thrown out into phe er uae 
it is desirable that the geologist should endeavour to trace any 
differences or resemblances he may find when opportunities of the 
kcind noticed present’ themselves. In the first placo he does not 
possess the advantages of the surfaces usually presented in active 
volcanic districts, or of those, such as in France (p. 401), which 
have not been disturbed by the action of seas upon them, but finds 
masses of mineral matter, of which the igneous products only con- 
stitute a part, usually thrown out of the positions in which they 
were originally accumulated, the igneous often bent and contorted 
with the aqueous deposits with which they are associated. These 
districts, moreover, are often the mere wrecks of the mud, silt, 
and sand of former sea-bottoms, combined with the igneous pro- 
ducts, large portions having been removed by denuding causes, so 
that not only has the general mass been squeezed, bent, contorted, 
and sometimes broken, but portions of it (occasionally to be measured 
by cubic miles) entirely removed. Hence, no slight care and 
exuct research are required to collect the needful evidence, so that 
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parts of felspathie or hornblendie minerals have variously pre- 
vailed, and that these fragments are angular. When lapilli, 
especially those having the aspect of pumice, are mingled in theso 
accumulations, there is usually little difficulty in determining 
their true character, and they then assume the appearance of those 
resulting from the deposits of the ashes and cinders thrown out 
of volcanic vents at. the present day, more especially of such as 
have been formed in water by the fall of volcanic ashes and cin- 
ders in it, and are now elevated above it. They thus resemble 
the tuffs in the vicinity of Vesuvius, Etna, and some other active 
volcanos, which have showered ashes and cinders into seas adjoin- 
ing them, a change of relative level of the land and sea havi 
been effected, and parts of former sea-bottoms having been 

‘Those who have devoted much close attention to the structuns 


with the resemblance of many of the accumulations of igneous pro- 
ducts associated with the Silurian rocks of Wales and Ireland to 
certain of them, especially to those such as palagonite (p, 368) 
and some others which have become consolidated and modified in 
appearance, so that the original small grains of ashes and fragments 
thrown out of voleanos have become one general and, at first sight, 
almost homogeneous substance, While in many localities the 


the time and locality, and arranged in extensive and compara 
tively thin beds; at others the conglomerates and breccias of 
igneous rocks, mingled confusedly with ancient volcanic tuff, the 
whole interlaced with dykes and yeins of felspathie and horn- 
blendic molten rocks of different kinds, remind the observer of a 
confused mixture of substances in the body of a volcano itself, 
partly subsdirial and partly subaqueous, the general mass butied up 
by other accumulations as the voleanie rocks gradually descended 
beneath them. Of the natural sections exposed in Wales and 
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The geologist, seeing this considerable resemblance to the 
products of modern voleanos, and also the general similarity of the 
elementary substances found in them, as far as researches have yet 
extended,* (considering both igneous products in their masses,) 
would be prepared to find evidence of igneous action also. bearing 
a resemblance to that of volcanos at the present time amid any 
accumulations of intermediate geological date, should the fitting 
conditions prevail. For evidence of thisaction he would look 
necessarily in very different regions; for not only is it required that 
there should have been igneous products of this kind atall a 
times in various parts of the earth's surface, sometimes in one locality, 
sometimes in another, but also that in the present arrangement 
of land and seas they should be attainable for observation. In this 
research, however, the geologist may again find opportunities in the 
British islands. In Devon and Cornwall he may obtain evidence 
of a continuance of the like igneous action at a subsequent peri 
amid deposits, some of which may be referred to the date of the 
old red sandstone series of other parts of the British islands, while 
some are more modern, and others perhaps more ancient, Amid 
the Devonian and Cornish accumulations of this date he will 
detect beds apparently alo formed of the voleanie ashes of the 
time, and other arrangements of igneous matter, some rocks eyi- 
dently poured forth in molten masses, and breaking through 
ordinary and previously-formed deposits. Among numerous 
localities good sections are afforded at low tide on the Tamar, near 
Saltash, showing an association of the Devonian rocks, molten 
products, and other accumulations of igneous origin.f In many 
situations, the igneous ash of the time graduates into the ordinary 





* Investigations are now bu progress In tho laboratory of the Museum of 
Geology for the purpose of ascertaining the chemical ‘of the igneous rocks 
of different dates, obtained during the progress of the Gi Survey of the United 
Kingdom, 

J Aa ws tre sears sutvoed (* Broth om Geology of Cornwall, Devon, 
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mui and silt that 10 correct distinetions can be drawn between them, 
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these limestones had been accumulated, there had been an outburst 
and overflow of molten rock, irregularly covering over portions of 
them. And further, that after this partial overflow, the limestone 
deposit still proceeded, probably spreading from other localities 
where the conditions for its accumulation had continued uninter- 
ruptedly. Occasionally water action upon the igneous products 
may be inferred. prior to the deposit of the ealeareous: beds pon 
them, if not also a certain amount of decomposition of the former, 
the limestones immediately covering them containing fragments 
(some apparently water-worn), and a mingling of the subjacent rock, 
such as might be expected if calcareous matter had been thrown 
down upon the exposed and decomposed surfiwes of the igneous 
rock. In some parts of the district another outflow of the same 
kind of igneous rock again took place, and was again covered by 
limestone beds, so that in such portions of the area, two irregularly- 
disposed sheets of once molten rock are included among the mas 
of the limestone beds. 

The following section (fig. 209) of part of this district,* by 
Professor John Phillips, may serve to illustrate the mode of 
occurrence of these beds of igneous rock, the areas of which do not 
coincide, so that one outflow did not exactly cover that overspread 
by the other. In this section, a a are the igneous rocks, locally 
known as toadstones,t and 6 } the limestones, ¢ being the covering 


beds of millstone grit, and f f faults, 
Fig, 209. 
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Natural sections (many of which are excellent) and mining 
operations show that as regards thickness these overflows vary 
considerably, so much so as to aid the observer in forming some 
estimate of the localities whence the molten matter, when ejected, 
may have been distributed around. 





* A reduced portion of one (No, 18) of the horizoutal seotions of the Geological 


applied by German miners to the unproductive rocks mutjecet 12 the copper-bearing 
slate of Mansfeld and other localities, In like manner, 
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removed the foreign substances in them. In some localities the 
scoriaceous character of the rock is as striking as amid many vol- 
canic regions of the present day, Like more modern igneous pro- 
ucts, also, it will often be found decomposed in a spheroidal form. 
The following (fig. 210) is an example of' this decomposition at 
Diamond Hill, on the south side of Millersdale, where the con- 
eretionary structure has been developed somewhat on the minor 
scale, and the size of the spheroidal bodies is about that of bombshells » 
and cannon-balls. 





Tt will be thus seen that amid the older fossiliferous deposits 
igneous rocks may be 80 associated as to give the relative dates of 
their ejection, even in such a manner as to lead to the inference 
that in some cases there have been subaérial volcanic vents at hand, 
whence molten matter, cinders, and ashes may have been thrown 
out, us in the present day, the elementary substances of which 
this ejected matter is composed, reminding the geologist very 
strongly of those thrown out ina similar manner in modern vol- 
canos, As has been stated (p. 553), it will require the observer 
to readjust in his mind the various parts of countries, like those 
noticed in Cornwall and Devon, Wales and Ircland, replacing the 
portions now removed by denudation, properly to consider this 
subject with reference to the relative times when the various igneous 
products were ejected and accumulated amid the ordinary sedi- 
mentary deposits of that early geological time. Let the following 
section (fig 211) be one of « volcano, so situated thut while lava 





currents and dykes of molten matter (a a a) were thrown out and 
became mingled with subaérial tuff and volcanic breccias (6 0 6), 
subaqueous deposits were formed near and over these products, 
mingling volcanic and ordinary detritus in the same or associated 
beds, ' 
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If the voleanic action ceased, and the general area were depressed 

that and chemical or detrital d 
etic. he wicks ws marly they 3h amt 
subject with squeezing and contortion, and some new surface, n, 3, 
be given to the general mass, as shown beneath (fig. 212), the ob- 


Fig, 212. 








server will at once perceive that the mode of occurrence of the 
igneous rocks amid the ordinary deposits will require careful con- 
sideration and study. He will sce that a hasty investigation is 
not likely to afford the requisite data, and that prolonged research 
is needed for very exact determinations, though he may often find 
sufficient in a short time, if the natural or artificial sections be 
favourable, for a just general view of the subject. 

When igneous products are not associated with onlinary fossi- 
liferous deposits in the manner mentioned, and often, unfortunately, 
they cannot be so favourably studied, a geologist may still obtain 
certain relative dates by their mode of occurrence on the great 
scale. Fortunately, we may again take the British isle” “or 
illustration, us showing how much may be found connectan with 
the subject even in that minor area, When the granite range of 
Wicklow and Wexford, and which also includes portions of 
counties, is examined with reference to the rocks in contact with 
it, it is seen that certain Cambrian and Silurian rocks, the range 
of which it traverses in a slanting manner, are upturned, much 
modified in their mineral structure, when in contact with the 

‘ite, and often much broken at the junction ; even huge masses 
of them included in the latter, granite filling the cavities and 
fissures thus produced ; so that little doubt is left.that these rocks 
were formed prior to the intrusion of such granite, Thus far the 
observer merely obtains evidence of no very definite kind as to the 
actual period of this intrusion, though in the district noticed he 
would see that this kind of igneous action took place after that 
which in the same area produced an out-throw of felspathic and 
homblendie products as above noticed (p. 553). He only discovers 
that the one set of igneous products has been uplifted by the other. 
Continuing his researches, he sees certain conglomerates of the old 
red sandstone reposing quietly upon the granite, and, when this 
happens, containing rounded portions of that rock, aa well as 
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much finer detritus from it. He also finds where the same con- 
glomerate stretches over the disturbed older rocks, with their 
‘included igneous products, that rounded and angular fgments of 
these products are imbedded in it. He has now the approximate 
relative date of the granite of the district, so far that it rose up 
after that portion of the Silurian series was formed which is there 
disturbed, and prior to such portion of the old red sandstone 
series as is represented by this conglomerate. We will suppose 
that he has obtained evidence of a portion of the Silurian series 
disturbed being the lower, and of the conglomerate representing 
some higher or middle portion of the old red sandstone series, as 
found developed elsewhere in the British islands. There would 
then, no doubt, be something of an interval in the geological series, 
during which the uprise of the granite may have taken place, never= 
theless the observer has, by the means enrployed, arrived at a 
certain approximation of no slight value as to the real relative date 
of its protrusion, 

To show this value, it is only needful to turn to Devon and 
Cornwall, where at such a comparatively trifling distance, the geo- 
logist finds a granite of much the same general character pro- 
truding through the equivalents of those accumulations which have 
q) {jj covered the Irish granite mentioned, after its consolidation, 
the disturbance caused by the uprise of the Devonian and Cornish 
granite extending to the lower portion of the coal measures, as 
may be seen around the northern part of Dartmoor, where veins 
extend from the granite in that direction into these sedimentary 
rocks, in the same manner aa into the Silurian deposits of Wicklow 
and Wexford. In the case also of the granites of Cornwall and 
Devon, it becomes necessary to seck for evidence as to any deposits 
£0 occurring as to show the geological dates between which their 
uprise was effected. Throughout the greater part of the district, 
evidence of the kind required is not to be found, but on the east- 
ward of Dartmoor, and of the continuation of the deposits which 
have been disturbed at the time these granites were intruded, beds 
are found, known as the new red sandstone series, reposing quietly 
on the disturbed rocks, the lower portion of them containing rounded 
and angular fragments of the latter. It would thus appear that the 
approximative date for the elevation of the Cornish and Devonian 
granites amid the accumulations effected up to that time, was some~ 
where between the lower part of the coal-measure series (including 
the millstone grit of central England in that series), and the lower 
portion of the new red sandstone deposits. Sy 

° 





dates are obtained for both protrusions. Tf.in tte omen ete 
(fig, 213) a, a, be a mass of granite ttn pera Srieeao 





mentary beds 6 4, sending veins into fractures effected in them, a8 
well as modifying their mineral structure at the junction, and ¢ be 
an accumulation containing rounded or ts of @ and 


less limits as the noite a - 
proximate to each other in the geological series. would 

the case of south-eastern Ireland. In that of Devon the disturbed 
heed 2/5, alered aa befcre anit wits ga 


Usually the relative dates of the rise of molten mineral substances 
into fissures of prior-formed rocks, such portions of igncous 
matter, known as dykes, cannot be obtained when these are un= 
covered by accumulations of which the position in the geological 
series is known; as, for example, if, in the subjoined seotion 
(fig. 214), a and be dykes of any igneous rocks cutting through 

Fig. 214. 





some sedimentary deposit ¢ d, and these be uncovered by any. ace 
cumulation of ascertained geological date, the exact relative time 


would remain uncertain, It sometimes happens, however, that 
some evidence as to relative date may be obtained, of a fair 

proximative kind, even with respect to dykes of this hacia 
would not be sufficient that they cut one set of rocks, and not an 
other, in some given district, without further general evidence, 80 
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as to refer them with certainty to a particular time, anterior to the 
formation of the beds not cut by them, since it may have happened 
that contemporaneous causes did not act beyond a given area, though 
in certain of these cases there may appear much to support an in- 
ference to that effect. For example, renner Sree e ea 
found to traverse the Cambrian rocks in Merionethshire and 
Caemarvonshire, while these are not observable amid certain upper 
Silurian deposits in Denbighshire and Flintshire, and contempo- 
rancous igneous rocks are associated with intermediate necumnulations 
in Caernarvonshire, and other adjacent counties. It might hence 
be inferred that, when the igneous eruptions producing the latter 
were effected, fissures were formed in the still more ancient deposits 
(Cambrian) and molten matter injected into them, and that igneous 
action ceasing, the adjoining higher parts af the Silurian deposits were 
undisturbed by the intrusion of any igneous matter. Itis far from im- 
probable that this inference would, in a great measure, be correct; but 
that it is not wholly so, the inspection of dykes of the sume kind tra- 
versing various parts of Anglesea, and seen to cut into the coal 
measures of the Menai Straits, between Bangor and the great sus- 
pension bridge, at once shows, It may readily have happened that 
igneous matter had been thrown into fissures formed at these different 
times in even the moderate area of Caernarvonshire and Anglesea, and 
hence it would be hazardous, without other evidence, to decide upon 
one dyke being separable in geological time from another, even when 
not far distant from each other, at the same time that many pro- 
babilities might seem to exist as to the relative date of some of 
them, 

‘The grunitic and porphyry dykes in Cornwall and Devon, known 
locally us elvans, may be taken in illustration of the approximation 
to relative geological dates occasionally attainable. It has been 
seen that the granites of that district were upraised posterior to the 
deposit of the lower part of the coal measures, and anterior to that 
of the new red sandstone series, Subsequently to the protrusion of 
the granite, and to, at least, its partial consolidation, fissures were 
formed traversing both the granites and the various disturbed sedi~ 
mentary rocks adjoining them, and into these fissures molton matter 
was introduced, as shown previously (fig. 7, p. 9), and as may bo 
further illustrated by the following section (fig. 215), seen on the 
cliffs at Trevellas Cove, near St. Agnes, where an elvan a, a, cuta 
through the slates 4, and is traversed by dislocations f, f, one of 
which materially shifts the rocks, and thereby displaces the elvan 
dyke, near the sea, With respect to the sme fissures having tm- 
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in fissures formed by the cracking of the adjacent granite, only 
consolidated in its higher parts, such cracks also extending 

the various rocks above the granite. The relative date would be 
only so far thus obtained as to show that the filling of the fissures 
was posterior to the intrusion of the main masses of granite, some 
of the latter rock, in its molten state, readily rising into such 
fissures, formed both in its own higher parts, and in any covering 


rocks.* 

Proceeding eastward from the Dartmoor granite to the boundary 
of the new red sandstone series, where this reposes on the uneven 
surfaces and indentations of the older and previously-disturbed 
fossiliferous deposits in that direction, igneous rocks are found 
associated with its lowest part in some localities, pointing to local 
igneous action, while these lowest beds were accumulating. Not 
only are some of these lower accumulations so entangled with the 
igneous rocks, that there appears difficulty in not considering them 
of contemporaneous production as a whole ;} but there would also 
appear to be traces of subaérial action. The latter seems to occur 
near Calverleigh, where, as in the annexed section (fig, 217), a, @ 

Fig. 217. 
Calvertelyh 
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represent the disturbed beds of the lower coal measures, at part of 
an ancient gulf amid those rocks; 6, a conglomerate wholly com- 
posed of portions of these subjacent deposits, cemented by red 
sandstone and argillo-arenaceous matter, without any fragments of 
igneous rocks; ¢, felspathic porphyries, and more compact 
felspathic rocks, some scoriaceous ; and d, conglomerates and sand~ 
stones, fmgments of the igneous rocks, and others of a similar 
character, being contained in the conglomerates. Along the range 









slongshore to the Black Head, the fragments derived from the adjoining rocks are 
‘very numerous, decreasing in abundance from the aides of the dyke towards its 


dotoctod. 
+ The intimate connexion of igneous rocks and the red sandstone series at Thor 
‘verton and Silverton was pointed out, in 1821, by the Kev. J. Conybeare, * Annals of 
Philosophy,” now sories, vol. i., p. 161. 
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of detrital matter. It is, therefore, important to observe por- 
phyries in place, sometimes only containing quartz crystals; at 
others, these mingled with crystals of felspar, associated with 
the lower part of the new red sandstone series, at Ideston and 


Weighing all the facts thus observable, the geologist might be 
Jed to infer that the date of at least some of the elvans of Cornwall 
and Devon, though they are uncovered by deposits affording direct 
means for approximating to the time when they rose in the fissures 
where they are found, might not very materilly differ from the 
commencement of those accumulations which constitute the lower 
portion of the new red sandstone series of that part of England, 
granitic matter constituting the base of the various rocks ejected, 
and being merely modified in its aspect according to the varied 
conditions to which it had been subjected. So much denudation 
has taken place in this region since these ancient igneous rocks were 
ejected, that no doubt many a mass showing any connexion which 
once existed between such igneous rocks as those near Exeter and 
other adjacent parts of Devonshire has been swept away. As illus- 
trating a denudation of deposits of the new red sandstone series in 
Devonshire, so that a portion of them only now remains, we have 
already noticed the Thurlestone rack in Bigbury Bay (fig 47, 
p. 52), a detached piece of the small patch there occurring, Pro- 
ceeding still further westward to Plymoutl Sound, a porphyritic 
rock, of the same general kind as those which are found near 
Exeter, is seen cutting through the Devonian rocks at Cawsand, 
and on the coast thence towards Redding Point,* forming, as it 
were, a sort of connecting link between the elvans more westward 
and the igneous rocks above noticed, and «appearing to constitute 
the denuded remains of the lower part of the new red sandstone 
series, extending, with an admixture of igneous products, in this 
direction, a small patch still remaining of the old continuous 
deposit at Bigbury Bay, and at Slapton, in Start Bay. 

With respect to the elvan dykes in the counties of Wicklow and 
Wexford, which in their mode of occurrence and aspect resemble 
those of Devon and Cornwall, though an observer does not appear 
to possess the same opportunities of inferring their relative dates, 
inasmuch as igneous rocks, composed of similar substances with’ 
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uncut by the elvans, it might be inferred that the date of these 
elvans was not only posterior to the granite, but also anterior to 
‘They are to thei yeantion ot ear 

Treland what the elvans of Devon and Cornwall are to 
of that of England. They: ecers the cescls cf ccston mea 
nd lll en cf creat w ope a salina a 
beneath, such cracks passing through superincumbent rocks 
adhering to this cooled and solidified crust. The elvans of Wick- 
low and Wexford can be well studied, not only inland but on the 
coasts. Good examples of their mode of occurrence at the latter 

are td be found at Seapark Point, Wicklow. 

Of the two classes of igneous rocks above noticed, the one chiefly 
differs from the other chemically, in the presence, in part of one 
class only, of a larger proportion of lime and magnesia, these some- 
times replaced by oxide of iron. This difference is principally 
confined, “sen ils ttiat parianiphces dem tae 
mineral named Aornblende in which the silicates of lime and mag- 
nesia, though somewhat variable in quantities, form marked ingre- 
dients, the lime alone mounting to from 10 to 15 per cent, of 
mineral, and the magnesia varying from 15 to 25 per cent. 
‘Usually in these rocks the protoxide of iron more or less 
some of the lime or mognesia of the hornélende. The presence of 
hornblende, when in proportions extending even to 3th or $rd of the 
mass, renders the rock in which it thus occurs far more fusible than 
ee ee es cleat Seer quartz, and mica, 

due probably, in great measure, to the silicate of lime 
owen 


In the other ignoour rocks, those which have been ejected in a 
molten state (not referring to those which have been noticed under 
the head of modern voleanic products), and in the first place eon 
fining our attention to the great mass of them composed of two or 
more of the minerals named quartz, felspar (whether orthoclase or 
albite), mica and hornblende, as chief and substances, 
neither in the compounds of quartz and felspar, nor in that of 
quartz, mica, and (orthoclase or albite), is there the same 
amount of lime as when hornblende enters into the mass. The 
prevailing mica in such rocks seems to be that 
potash-mica, from that substance being a marked ii 
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In this mineral the lime is usually in very small quantity, com- 
monly under I per cent. In the lithia and magnesia micas it is 
rare, and, when found, has been so only in very small proportion. 
In the felspar, also, when either orthoclase or albite, members of 
this family apparently much distributed amid the older igneous 
rocks, lime has only been detected hitherto in small quantities, 
rarely in proportions equal to 1 per cent.* In compounds wherein 
labradorite is found, the case would be different, since this is a 
felspar in which lime eeaa eb gcaninier soe) 
tions, from 10 to 15 per cent. Silicate of lime, therefore, would 
appear to constitute a marked source of difference between the 
igneous rocks with and without hornblende and labradorite. With 
respect to the magnesia in many hornblendes, this also would be a 
substance of importance when compared with compounds of quartz, 
felspar (either orthoclase, albite, or labradorite), and mica, unless 
the latter were magnesia mica, into which this substance is found 
to enter in proportions varying from 10 to 15 per cent., or those 
varieties of felspar which have been referred to orthoclase, and yet 
contain from 10 to 20 per cent. of magnesia, 

As the trachytes of more modern geological times have been 
inferred to be some modifications of granites (p, 360), the observer 
might be induced to inquire how far the old igneous products 
noticed as occurring like certain of those of the present time may, 
in like manner, have been modifications of granitic matter beneath 
them ; how far, in fact, certain of the molten felspathic rocks of 
the British islands associated with the older fossiliferous deposits 
may have been the trachytes of those times, and have been derived 
from granitic matter below them, such granitic matter afterwards 
upheaving these earlier modifications of portions of it, when geolo- 
gical time advanced and with it conditions for such a movement. 
With the hornblendic compounds there would be the same diffi- 
culty as with the modern dolerites and lavas of that class, so far as 
the silicate of lime was concerned, though in both cases, supposing 
silicate of lime to form a marked part of a fused mass, that it should 
be ready, as a substance aiding in fluxing others, to be thrown 
upwards, might be anticipated from the conduct in our furnaces of 
the slags into which silicate of lime largely enters, 





* Dr. Abich found 1-26 of lime in the orthoclase of the trachyte of Pantellaria, 
and 206 in the Basis of the Drachenfels trachyte. The orthocluse of the older 
igneous rocks has not hitherto afforded any proportion of this kind, though st the 
same timo, it must be confessed, that the igneous rocks of that date have not, as yet, 
recelvod sufficiont extonded examination to arrive at any aecurate results ws to the 
chemical composition of the greater mastos, 





CHAPTER XXX. 


MODE OF OCCURRENCE OF GRANITES IN SOUTH-WESTERN ENGLAND AXD 
SOUTH-EASTERN IRELAND.—GRANITE VEINS —CHEMICAL COMPOSITION OF 
GRANITIC NOCKS,—SCHORLACEOUS GRANITES OF CORNWALL AND DEVON. 
SLIGHT COVERING OF OTHER ROCKS OVER THE GRANITES OF WICKLOW, 
WEXFORD, AND CORNWALL,—SERPENTINE AND DIALLAGE ROCK OF CORN- 
WALL.—SERMENTINE OF CAERNARVONSHIRE—OF ANGLESEA.—OHEMICAL 
COMPOSITION OF SERPENTINE—OF SERPENTINE AND OLIVINE COMPARED.— 
COMPOSITION OF GREENSTONE AND SYENITE,—RESEMBLANCES AND DI 
FERENCES OF ORDINARY GRANITIO AND HORNBLENDIC ROOKS.—GRANITIO, 
PELSPATHIC, HORNBLENDIC, AND SERPENTINOUS ROCKS EFECTEDAT VARIOUS: 
GEOLOGICAL TIMES.—RELATIVE FUSIDILITY OF IGNKOUS ROCKS.—MoDI- 
FICATION OF THR MATTER OF IGNEOUS ROCKS —ADDITIONAL MINERALS 
ENTERING INTO THE COMPOSITION OF ORDINARY IGNEOUS ROCKS.— 
GENERAL CHARACTER OF IGNEOUS ROCKS. 


Wuaerner the observer studies the granite of south-western Eng- 
land, or that of prior elevation in south-eastern Ireland, he finds 
the same general mode of occurrence, one yery different from that 
of the igneous products associated with the Devonian rocks in ong 
district, and the Silurian rocks in the other. There is no inter- 
stratification and contemporaneous intermingling of parts, but, on 
the contrary, evident protrusion in mass, and a scbeceniys 
of fissures traversing the beds of pre-existing deposits, In 
districts, the granitic protrusions appear the accompaniments of 
great contortions, foldings, and even dislocations of prior accumu- 
lations of all kinds, as if, amid this squeezing and new adjustment 
of such accumulations, molten matter beneath rose upwards (there 
being sufficient pressure upon it), and occupied areas where the 
resistance of any prior superficial covering was insuflicient to resist 
this intrusion. 

Uj ining the boundaries of the granitic masses observable 
on Ce wecisdia geaetae avtaien cad around them, and 
in the various rocks adjoining, is found to be considerable. Indeed, 





yet there still appears to have been disruption of the: cs 
Cambrian and Silurian rocks, The curve, which agrees with the 





* Tt4e not a little interesting, in this part of Ireland, to study the denudation with: 
reference to the exposure of both the granite and altered sedimentary rocks (for they. 
certain 


Tt requires very when standing upon some parts to 
All up the lower ‘with sea, 80 that the Atantic may bresk upon the 
Deneath, facing the west. In the range of mountains near 

elitf character of tho western flanks is very marked, — eo 














4 


Cn, XXX.) GRANITE VEINS. oS 


upraised masses of the prior-formed rocks, and fortunately many 
of these are still preserved, showing the probable extent to which 
they have been so raised toa height above those erumpled and 
folded on either side, is of the kind represented beneath (fig. 218). 
‘This may not be considerable, yet it seems difficult to obtain the 
effects produced without much separation as well as disruption of 
parts of the older rocks, In this section, upon the same scale for 
Fig, 218. 


eee 

Es e e 
heights and distances, a a, is the intruded granite, ¢ ¢, the contorted 
and older rocks on either side, altered near the granite, and 6 8 6, 
portions of them uplifted, a large mass forming the summit of (1) 
Lugnaquilla. 

Upon examining the contents of the cracks in the prior-formed 
rocks surrounding the granitic masses, they are found filled with 
the granite in such a manner as to show the comparative liquidity 
of that substance when the cracks were made and filled, for even 
fine threads may be occasionally seen, branching out of the main 
cracks, with granitic matter in them. Though, as might be 
anticipated, the crystallization of this matter is modified in the finer 
fissures, from differences of the rate of cooling alone, the contents of 
the granitic veins generally would point to long-sustained heat 
among the intruded rocks, the whole haying probably required a 
considerable lapse of time for solidification. The following sketch 
(fig. 219) of some granitic veins at Wicca Cove, or Pool, near 





Fig. 219, 





Zennor, Cornwall, may serye to illustrate the mode of occurrence 
of many of them, and the annexed section (fig. 220) will show their 
connexion with an adjacent mass of granite behind tho rocks ex- 
posed in the sketch (fig. 219), a a, being the grinitio veins, 6 6, 
altered slate, and ¢ the main mass of granite. 


granitic matter being driven into the cme 
so as to fill up the fine fissures* | 
evidence of cracks haying been formed after only ; 
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film of the main mass of granite had been consolidated, 

veins similar to those amid the prior-formed rocks, and — 
merging into the main mase of granite, being found alike to traverse 
acertain Papuan parts of the granite and these other 
rocks.* general such veins are easily to be distinguished from 
the elvan ake (the result apparently of subsequent action) by their 
tortuous courses, and by their general resemblance to those first 
formed amid the older rocks at their junction with the granite. 

The chemical composition of granitic masses will 

engage the attention of the observer, more especially when he con- 
siders that so much of the detrital deposits of all ages have been 
derived from granitic matter ; indeed, the volume thus distributed 
as detrital accumulations must beenormous. As has been seen, the 
elementary substances forming the chief part of the volume of this 
rock do not appear to be numerous. For certain of the modifi- 
cations of mineral structure it may be again desirable to refer to 
the portions of the British islands already noticed, since the relative 
ages of the igneous rocks in them are so well shown. Funda- 
mentally, the constituents of the granites in south-western England 
and south-eastern Ireland seem little different. The chief variations 
may probably consist in the greater admixture of schorl with the 
other constituent minerals in the former than in the latter; indeed, 
generally speaking, schorl is rare in the granites of southern Ireland. 
Such differences can readily be considered as merely local, the same 
molten matter beneath having supplied the portions upraised at 
different geological times. Be this as it may, the presence of a 
mineral in any abundance which contains boracic acid as an essen- 
tial ingredient,t is one of importance, more particularly when we 
refer to the researches of M. Ebelmen, he having shown that by 


* Instances of this kind are not uncommon, both in south-eastern Ireland and 


large masses of granite brought from thence for the harbour at 
often show them, ‘They are also to be well seen in the granite of the Scilly 
pete eel he End coast, as at Tol-Pedn-Penwith and 
‘Lamoma Cove. 
+ In examining ie concn ye ee 
Joints in granite with quarts, folspar, and mica, in the manner of fissures, 
mineral veins, with the granitic veins noticed in the text; uch node of filing blag 
very deceptive, unless duc care be employed. They cay eerie ‘be usunity 
distinguished by the manner in whieh the minerals occur in. Men rele Caen 
fom solutions egaint the walls of tho granite emares th oryeilepolnitagtawarts 
and arranged in the manner of many common and mincral 
5: Fesiouiiyaa = iyses of M. ema ht por ce foe aed a 
29 ot alas ‘alumina, » variable quantity of protoxide to 12 per cont), 
1 to 9 of magnesia, with ee ie eeeiaaen ‘and, probably, accidental substances, 


2P 








and of the other minerals are observed. The following (fig. 222) 
is a somewhat marked instance of the adjustment of varied com- 





pounds round a kind of central nuclous. Tt occurs in the Dartmoor 
granite, towards Carnwood. @ is a cavity not quite filled by long 
erystals of echorl, crossing in many oblique directions, but with a 
general tendency towards the centre ; 4 is an envelope of quartz 
and schorl, the former predominating; ¢, another covering of the 
ame minerals, the schorl being more abundant; and d, a light 
flesh-coloured granite, the felspar predominating. 


Treland are also occasionally Pevijida en tn daca 
po ea abe ciweticary nipta wachind gaat felspar, 


+ rionphc ley uy though ha plochs way a 
fractures of the adjacent and prior-formed rocks, there is no trace of 
an overflow of the igneous matter in a molten state, so that the 
observer is led to infer that, when the intrusion was effected, the 


hog suber te found,’ and more wepecdally’ ott contnes of the saute The 


decomposed and removed, and the cavities more or less filled with crystals of 


. A ehety airing from the ordioary granite that of St Austell is probably the 
most marked, « steatitio mineral Weipa err peer ar me extent. partioularly: 
{n the portions which are found in. # Much pinite (6 silicate of 
‘alumina and magnesia, the latter wae protoxide of iron) is mingled 
with a part of the granite near the 's Kod. 2 2 
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district. The position of the Lizard serpentine, and the diallage 
rock found with it, seems much the same with these minor portions 
of serpentine more eastward. The Lizard serpentine occupies a 
somewhat large area, reposing upon hornblende slates and rock, 
which appear little else than the ordinary voleanic ash-beds above 
mentioned as intermingled contemporancously with the ordinary 
detrital deposits of the time and locality (p.558).* ‘There is often 
an apparent passage from the diallage rocks into the serpentine,t 
while also there seems an intrusion of serpentine amid the former, 
as between Dranna Point and Porthalla. 

Though there may be some intermixtures of the serpentine 
and the diullage rock rendering their relative antiquity a little 
doubtful in places, asa whole, the latter would appear to have 
been thrown up after the former. At the junction of the diallage 
rock of Crousa Downs and St. Keverne, with the serpentine at 
Coverack Cove, veins of the former cut through the latter,t On 
observing, also, the connexion of these two rocks, in a range ex- 
tending from Careglooz through Gwinter towards Goonhilly Downs, 
the diallage rock seems to have cut through and disturbed the 
serpentine, Near Landewednack, also, the diallage rock appears 
to rise through the hornblende slates and cut into the serpentine, 
This diallage rock, as between Coverack Cove and St. Keverne, 


* It is not altogether lear whether this alteration may not be due to the influence 
of some granitic masa beneath, with which the granite veins, traversing the serpentine, 
may bo connected, such granitic mass clover (o the latter than might be inferred from 
‘the natural sections, inasmuch as beneath the hornblende rocks and slates, there are 
talco-micaccous slates to a certain extent interstretified with the latter, much remind 
ing the observer of the various alterations effected in the proximity of the granites of 
the district. A glance at the Geological Survey Maps (Sheets 23, 24, 25, 30, 31, 32), 
or at the Index Map in the Keport on the Geology of Cornwall, will show that thera 
may readily be a line of granite concealed beneath the sea, and ranging in nsomewhat 
general manner with the granite from Dartmoor to the Land's Ed, which has coused 
the alteration of the rocks into the mica slate and gneiss of the Start Point, and Bull 
Head, Devon, and produced the gneiss on which the Kddystone Lighthouse, in front 
of Plymouth Sound, is erected, and the taleo-micaccous slates of the Lizard Point. 
‘The connexion of the hornblende slates with the Intter may be conveniently seen near 
Peltroath, on the west of the Lisard ‘Town, 
+ As wo have elsewhere remarked (Report on the Geology of Cornwall, Ke., p. 30), 
“ whatever the causo of this apparent passage may have been, it is very readily ween, 
at Mullion Cove, at Pradanack Cove, at the coast wort of the Lizard Town, and at 
several places on the east coast betweon Landewodnack und Kennick Cove, more par- 
ticularly under the Balk, near Landewednack, and at the remarkable cavern and 
spe sees ates Pe eee pie ce hte 
apgarent peamge of one ronk Into the othe, there calor, matter, and a 
priate chiar ba ta varpaniton woth tha hues Dia ahaa 
Tie Fee ahaa ees re ae ee 
‘Cove and the pier at the village will repay éxamination, ro lange 
grin he ert diag o eaten asian Faxing tee pelsnuer ie 
larger-grained gabbro of 
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annexed sketch (fig. 223) taken towards the north-western point 
of the roadstead, where the dark portions represent the jasper, or 
other siliceous matter between the nodules, sometimes of large 
size. Of the serpentine in Anglesea, the aspect of which presents 
Feanh the uacal charactor that Peay GaoaRSal cD Aa 
have been in molten state when included among the beds where 
it is now found, other portions much remind the geologist of some 
mingling of calcareous and serpentinous matter, altered from the 
state of the original accumulation of their component parts. This 
eine tala abate itte 
also at Rhoscolyn. There are also some appearances near 
Amlweh, amid the bedded rocks there found, as if certain of the 
contemporaneous beds had taken a serpentine charaoter from the 
conditions for the adjustment of their constituent ingredients, to 
which the whole of the associated beds had been exposed, having 
been favourable to such a modification of parts. dswretene 
mulation of serpentinous matter in the manner of the 
and hornblendic rocks so common in North Wales, contempora- 
neously with the Silurian deposits, there would not appear any par- 
ticular difficulty, since, even without supposing an outburst of 
serpentinous matter in the manner of volcanic ashes and cinders, 
(though why this may not also have happened does seem clear), 
the wearing away of serpentine rocks, formed at an earlier date, 
may readily have supplied the detrital materials for deposits, which 
when consolidated presented the character above mentioned. At 
all events this appears a mode of occurrence which it would be 
desirable that the observer should bear in mind, and the more 40 
that in some other localities for serpentine in the British Islands, 
as, for example, in the county of Gulway, there are some inter- 
laminations and other modes of occurrence of serpentinous and cal- 
carcous matter, suggesting to the geologist that such mixtures may 
have been arranged in water, the accumulations subsequently acted 
upon so that the present structure of the rocks was produced.* 
‘This brings us to consider the chemical composition of the ser- 
pentines mentioned, viewed geologically. They are of very varied 
mixtures of a kind of base of silicate of magnesia with silicate of 
alumina, and occasionally of soda and potash, as also of oxide of 





+ An examination into the chemical composition of some large pilasters of this 
‘serpentinous rock, in the Museum of Practical Geology, London, showed that it was 
a mixture of silicate of magnesia and carbonate of lime, with minor of 
oxide of fron und alumina. ‘The interlamination of the chief portions of the mixture 
is often most marked in parts of this rock. 
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to more extended and distant regions, the geologist will scarcely 
fail to be struck with the similarity of various igneous products 
in each, these being toa certain extent classified. Those which 
have been termed volcanic and extinct voleanic, with reference 
to the present time, have already been noticed as presenting certain 
marked resemblances in different parts of the earth's surfice. The 
same general resemblance will be found in those produets in which 
the mincrals of the felspar and the hornblende families prevail, 
with or without an excess of silica (occurring as quartz), in various 

regions. Though their real modes of occurrence may not always 
iret been properly ascertained in the numerous and different loca- 
lities, whence specimens and notices of them have been obtained, 
and though certain accounts of their manner of association with 
other rocks may require more attention to the methods of investigu- 
tion which the progress of knowledge now requires, there is, 
nevertheless, frequently sufficient to show the great mineral resem- 
blance of many of these igneous products in widely-distributed 
parts of the earth’s surface. Viewed chemically, there is yet much 
to be accomplished respecting them, particularly with regard tw 
any modifications as to the prevalence of some simple substances 
more at one time than at another, as also more in certain regions 
than in others, Of the class of igneous products to which the name 

has been given—from that crystalline state whercin the 
constituent minerals, felspar and hornblende, are distinctly seen 
associated in variable proportions, to the rock wherein the matter 
of these minerals has not been exposed to the conditions fitted for 
its separate adjustment i in that orystalline form—there are endless 


sometimes happens that while there is a granular arrangement of 
the felspar and hornblende, bédeatnreenys Aires rare 
quartz, crystals of felspar are disseminated through the mass, 
forming a greenstone or syenitic porphyry, as the case may be. 
Some of the compact varieties, termed compact felapar, have 
already been noticed (p, 572), Altogether the shadows and 
shades fb pone te have been found so numerous, depending on 
variations of chemical composition on the one hand, and on dif- 
ferent conditions for cooling on the other, that there has been 
disposition to seck some term for the whole, which shall leave the 
‘exact composition of the rock open to description, while 


may be jn ferred, also as yproliaila shit rot 
the prosnt time, rocks of similar kind hs 


tures and more ordinary granites, appear to consist in the abundance 
a a ar peo 0d sucess 
forming comparatively a portion. granitic rocks, viewed 
~ on a large scale, while they enter conspicuously into the. 
of the hornblendic rocks.t Where the two classes 
into each other, se bones decease ease 
‘the hornblendio rocks may have been previously thrown out and 
han 


4, This tarm hasbeen dertvd fm the Sedat word fog 8 
‘once auppoxed that an arrangement in stairlike forms, on the 
rocks. 


"If wo 
potash kind, and a granite ta ts be ome 
‘quartz, and one-fifth of mica (containing fluorie aeid), 
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consolidated, and have been remelted by the granitic rocks, so as to , 
have thus formed an addition to their original molten mass, the 
whole, upon cooling, having its constituent parts so adjusted as to 
present the appearances observed. 

As a common character, the grunitic rocks seem to be chiefly 


dients, potash and soda, the latter sometimes more prevalent pro- 
bably than has been usually inferred. The silica and alumina often 
constitute 80 per cent. of the whole mass, thus leaving only 20 per 
cent, for the other substances, In cases where labradorite is the 
member of the felspar farnily present in granitic rocks, either alto- 
gether replacing other felspars, or associated with them, lime would 
form an ingredient of importance,* though silica and alumina would 
still constitute the most marked substances in such rocks. Suffi- 
cient examination haz not yet been given to granitic rocks to show 
us the relative prevalence of soda, potash, or lime (in cases of 
labradorite), during the progress of geological time. Tuking the 
granite of Wicklow and Wexford, above noticed, it would appear 
that soda occurred in some fair abundance in the granitic rocks, 
protruded in that part of the world, anterior to the socumulation of 
the old red sandstone. 

As to the geological times when granitic rocks have risen 
through prior-formed, and usually disturbed, deposits accumulated 





fe be composed of the sana kindof flpar and wn equ proportion of horublenda, 
the calculated differences may be taken semewhat a9 follows (Geological Manual, 
rd Edition, p, 448-50);— 


Granite, " Greensond. Diferencs, 





‘employed, temperatures it is comparatively weak. As for 
ess fa eh etn of ‘and soda are rendily formed, whether 


through a long range of geological They | 

mentioned as probably of early date in Wales. In ‘thou 
not of equal antiquity, they are apparently still referable 
earlier geological times, Ty Tach any Sy sos 


formed ut a remote geological period. Various lands show that they 

were not confined wo those times, but became associated with acet= 

mulations of less antiquity; and in Italy, where there are 

good opportunities of studying these rocks, they have been 

amid deposits up to those of the ay ae na 

inferred that the rocks in that land which contain the fossils named 

nummutites were, a8 pointed out by Sir Roderick Murchison, ac= 
time when the lower deposits of the y series 


serpenti diallage rocks amid the Alps, and among the various 
accumulations of the Jurassic and cretaccous series, usually cutting 
through them in Italy, and in the continuation of the same accu- 
mulations, castward, in different localities into Asia, is a 
circumstance, These rocks were probably ejected from beneath, at 
various geological times, over the area of Europe, from the 
fossiliferous deposits up to some part of the tortiary series od 
So much of various parts of the world remaining to be examined 
geologically, it would be premature to conclude that these rocks 
have not been ejected at more recent geological Himes ta Beang 
localities. 

Tt has been seen that into the serpentines, magnesia enters lange 
the relative amount of that substance being somewhat ristic, 
as lime and magnesia combined, are among the hornblendic 
Tt would not, however, be right to infer ec dle cae 
alone to be regarded, since the mixtures in which diallage is dix 


——— 








* Prot, MSS. 
+ Journal of the Geological Soolety of London, vol. v4, p. TST 
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seminated and even prevails, show that other marked substances 
have entered into the composition of the mass when in a molten 
state. In such arrangements of parts of the compound, the ingre- 
dients needful for dinllage have merely separated out from it under 
the fitting conditions, the lime, oxide of iron, and alumina having 
probably been in a more disseminated state previously.* Sometimes 
the base of the rock, still termed serpentine, from its general aspect, 
and the diallage crystallized out from the general mass, appear of 
nearly the same composition.t 

With respect to the fusibility of the igneous rocks generally, they 
no doubt present considerable differences. At the same time, it is 
needful to bear in mind, that experiments upon them, in the con- 
dition in which we find them, do not exactly give us the measure 
of their fusibility when they were in a molten state. Prior to the 
adjustment of the parts of many into minerals of a definite kind, 
they must often have been far more fusible, as can be shown by again 
placing them under their ld condition of a molten mass, producing 
the vitreous adjustment of parts, so that these definite compounds 
be not again formed.{ It hence becomes desirable to view the 
fusibility of these rocks, with reference toa complete mixture of ull 
their constituent parts, anterior to the separation of any, or the 
whole of them into crystalline compounds, 

* M. Berthier found the diallnge from La Spexin, locality very favourable for Bie 


COE etn preteen alam ceed ares 
Silica. 








+ Accarding to Dr. Youle (Thomson's Mineralogy, 
composition of the diallage, and of the rock containing it 
follows >— 
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v 
york had been formed Into glass, from that which It had exhibited: whem flext 
‘acted upon by the sine amount of heat employed. In the same manner, artificial 
glasses which have been melted and cooled slowly, so as to form m stony mans, 


merely exposed to u temperature at which a certain crystallized arrangement of 
‘hae constituent parts te is produced, beoome moro difficult of fusion than when In 
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pearing from the usual causes productive of devitrification, the 
component substances taking 4 stony form, 

As to the minerals which appear, a8 it were, additions in different 
localities to the general masses of granite, and tven to those rocks 
where hornblende and felspar chiefly constitute, the component 
minerals, they are often very various, and, as M, Elie de Beaumont 
has remarked with respect to granite, much distributed outside 
their masses* While they are often merely some other arrange- 
ments in different proportions of the simple substances contained in 
the general masa, t at others, they appear ag if in ome manner the 
result of an addition derived from the rocks, against which the 
molten masshas been thrown, and thus formed during the long conti- 
nuance of those conditions (among which great heat is prominent) 
that have prevailed after the uprise of such igneous rocks indifferent 
localities, Among these minerals, garnets of different kinds may 
be remarked, a3 occurring as well in the igneous as in the prior- 
formed, and subsequently modified rock, against which. the former 
has been thrust. When we consider the various substances which 
analyses seem to show are, as it were, entangled amid those consti- 
tuting the chief mass of the igneous matter ¢jected,$ it would be 
anticipated that when, these were relatively abundant, and could 
make their own adjustments more freely, less controlled by the in- 
fluences of those forming the chief minerals, compounds would be 
effected of a definite kind and be separated from the main masa. 
Thus, occasionally, mixtures would be formed of more than "the 
usual substances, even constituting masses of importance in of 
the earth’s surface, where, though the usual free silica and silicates 
of ordinary granite and other compounds were still the most pre- 
valent substances, others are present, giving a somewhat modified 
character to the grneral rock. 

With respect to the occasional component parts of granitic 





* Sur les Emanations Volcaniques ot Métalliferes. Bull, de In Soo. Géol. de France, 

‘2nd série, t, iv. (1847). 

+ In talo, a mineral sometimes associated with others in granites, we soem to have 
tn. cotaln relative sbuadanoe, eperating ual from ama raat i wih 

it may usually have beon @ subordinate substanco, tale fess 0 silicate 

of Ita formula is considered to be 3 M i+ Mgt 


of the igneous rocks, not only has the dispersion, in 1 
portions, of other substances than the usual ingredients to 
, considering these likewise in their 


garded greatot or less local 
proportions, but also the additions which tii 
melting of parts of prior-consolidated 2 


thrown down from solutions in water, and fused by the intrusion 






igneous rocks which have been worn away, and then 
above noticed (pp. 63—101), this hus been most 
accomplished that a remelting of the deposits thence 
would not reproduce the original rock, the various parts having 
been separated mechanically into different beds, and 
having deprived certain of even the scparated substances 

tions of their original ingredients, Tikes ee 
example, should the silicates of soda or potash have been por 
in solution, as has often happened, from a felapar of which they 
‘once constituted a part, the matter again fused might not contain 
any of those silicates, so far as the felspar is hf 
alumina being then the prevailing substance.t 
the usual granite compounds, for instance, melting li 
the lime might be introduced into the molten mass, and the carbonic 


sei Being tarern of fhe Stories of ine ae 

















combination in other minerals than those resulting from the 
the granite, as it rose from beneath. So also with dolomite, 


* ‘Taking various analyses, from 10 to 11 por cont. of water enters bute the 
patent eit Pa 

. 

fis extnace costo he bon ofthe lays amploya ne 
porcelain, and which aro decomposed felspars in districts 

mineral has been distributed in sufficient a ie | 
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could thus furnish not only the lime, but also the magnesia for the 
production of hornblende, should the other ingredients of that 
mineral be near and not drawn elsewhere, In this manner it will 
be obvious very material additions may be made to an original and 
general mass of rocks in a molten state, 

‘There appearing so much of a general charaoter in the various 
igneous products of different geological times, to call the attention 
of an observer towards gome general cause, which, though much 
modified under certain circumstances, has yet always exerted an 
important geological influence, he has carefully to consider the 
subject, 30 that, while a proper and close attention may be given to 
local sources of modification, the great cause of these igneous pro- 
duets, taken as a whole, be not neglected. Whatever may have 
been the conditions under which substances were probably gjected 
in the manner of modern volcanos in past geological ages, from 
time to time molten matter of a very common general character 
seems as if always ready to have been upheaved, in larger masses, 
whenever there were greut disruptions of prior-formed aceumula- 
tions on the earth's surfee. Thus, while the minor and perhaps 
modified munifestations of the conditions for throwing out i 
substances generally, were constant in different points of the earth's 
surface for the time being, these substances mingled with the ordi- 
nary accumulations of the day, from time to time a greater amount 
of molten matter was upheayed, lifting such igneous products as 
well as their associated sedimentary deposits, as if the former 
action, however intense, was but superficial as compared with that 
from which the more wide-spread und important moyements were 
derived. Be this as it may, the igneous products form objects of 
the greatest interest, whether regarded as the source whence so 
large a proportion of the detrital accumulations are derived, for 
the modifications they have so frequently effected in the deposits 
against or amid which they have risen, or been protruded, for the 
differences and resemblances they exhibit among themselves, or for 
the proof they afford that during the long lapse of geological 
time of which we can obtain traces, and up to the present day, 
there have been conditions for uplifting mineral matter in a molten 
state, that matter chiefly composed of the oxides of a few simple 
substances—two of them especially (sodium and potassium)—being 
not only remarkable for their comparative lightness, but also for an 
avidity for oxygen so great that they will decompose water in order 
to obtain it, 
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Wues the gravels, sands, silts, clays, or mud of various 

times are presented to the attention of the geologist in | 
conglomerates, sandstones, arenaceous and 

shales, their component parts, originally ath hr 
borne into the relative situations where they 

Bie bees jose peo vy ee ae 

duced among them, sr by » dunge tn te condi of Sa 
or parts of the original deposit which should permit such portions, 
in an altered form, to cement the remainder. With carbonate of 
lime, the oxides of iron and manganese and occasionally with 
silica, as substances cementing fragments of rocks, either angular 
or rounded, on hill sides or other subsérial localities, where | 
containing and depositing those substances occur, we 

the observer as familiar. That various breccias, conglomerates, and 
or gucogial produ, ney bo oonldetok oe ea 
of geological products, may be considered probable. It is 

to infer that during geological changes, gravels, sands, 
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placed beneath isolated portions of water, to which the access of 
rivers or streams may be insufficient to meet the loss by evapora- 
tion, that certain substances held in solution may be slowly de- 
posited amid such subjacent gravels, sands, or mud, 50 as to pro 
Sgr modification, change, or even consolidation of various kinds 
in them. 

Independently, however, of these effects, the observer will have 
to direct his attention to modification, change, and consolidation of 
a far more general kind, and for which some more general cause 
appears to be required. He will, in the first place, have to dismiss 
the view that the relative age of rocks is alone a sufficient eause 
for the effects noticed; though, taken as a whole, the relative 
geological age of deposits is so far important, that, other things 

the same, there may be a greater chance of the older rocks 
being consolidated or modified in their structure, inasmuch as they 
may have been more exposed, during the lapse of time, to the 
causes productive of such consolidation and cl 

It may, in the first place, be desirable to consider the modifi- 
cation of parts which might arise in a bed or mass of mud, or clay 
after its deposit, the component parts of such mud or clay being 
variable. We may take, by way of illustration, those alternations 
of argillaceous limestones and shales, often calcareous, which are 
observable in the lias of some parte of Western Europe, and which 
appear the result of an unequal supply of mud and calcareous 
matter, sometimes the one and sometimes the other predominating, 
Examples of irregular deposits of this kind must not, however, be 
considered as confined to any particular age, since among the older 

Fig. 224, 





as well as newer geological accumulations, this kind of deposit may 
often be found, The above (fig. 224) may be taken as illus- 
2Q2 











abstraction of calcareous matter from the adjacent 
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shown in the subjoined section (fig. 225). In such eases the cal- 


careous matter of given times of deposit, irregular like those where 
whole sheets of argillaccous limestone were produced, seems ff 
to different points in or about the same plane, that upon which the 
general deposit was accumulated, the matter arranged hes 
points, thus variously dispersed on the plane, so that two or more 
nodules may be joined tagether while others remain isolated. ‘This 
gathering together of similar matter distributed through a soft 
muddy or clay mass, would be anticipated, and the more so, when 
we remember the manner in which similar matter may be gathered 
together from solutions, dragged away, as it were, foreibly to points: 
where some of it may have been first deposited, as noticed by Pro- 
fessor Bunsen (p. 375). 

Facts of this kind are as well seen among the carbonates of iron, 
of so much value in the coal measures of the British Islands, as 
amid the accumulations aboye noticed; and they, in like manner, 
point to # separation of the carbonates from the muddy mass, and, 
for the most part, in plines corresponding with the relative times: 
of their original deposit in the general accumulation, one chiefly 
detrital, and thrown down from mechanical suspension, It ocea= 
sionally happens that this gathering together of similar matter from 
amid amass through which it was originally dispersed, usually in 
certain planes and thicknesses, can be seen to have taken place so 
thata certain original lamination of parts is not destroyed. Instances 
of this kind are to be found in one or two of the ranges of nodules _ 
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in the lias of Lyme Regis, Dorset, where, as beneath (fig. 226), 
these are seen still preserving the lamination of the general deposit ; 





an arrangement of parts easily ascertained by breaking the nodules 
in this plane. In these nodules some organic remain, such as a fish, 
nautilus, ammonite, or a piece of wood, not unfrequently seems to 
have formed a point around which the carbonate of lime was aggre- 
gated, though this has by no means been always the case, since 
some are occasionally found without organic remains, or only con- 
tain them in a dispersed state, 

Such aggregations and separation of parts are at the same time a 
modification of the original deposit, and a partial consolidation of 
it, As a proof that the mass was soft when the nodules were 
formed, it will be often found that while the same kinds of organic 
remains, and especially thin shells, are flattened, in the same planes, 
in the associated and udjoining clays, marls, or shales, they are com- 
paratively well preserved, uncompressed, in the nodules, the con= 
solidation of the latter having protected them from the 
to which those had been subjected in the remainder of the deposit, 
then in a yielding condition. 

With regard to the relative time and mode of consolidation of the 
nodules, the observer may be frequently enabled to study it in those 
commonly known as septaria, where, afler the aggregation of the 
similar matter, such, for example, as the carbonate of lime in many 
clay or shale deposits, and the carbonate of iron in the coal measures 
and some other rocks, a splitting of the interior has taken place, and 
subsequently to a certain smount of consolidation, since the fractures 
are usually sharp, pointing to a sufficient amount of cohesion of 
parts. The subjoined section (fig, 227) will show the ordinary 


Fig. 227. 





manner in which such nodules are broken in the interior, the erucks 
not extending to their exterior surfaces, as if there had been a 
shrinking of parts from the centre outwards, so that the resulting, 
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detrital deposits, Many of the nodules and other forms 
phates of lime in the lower parts of the cretaceous series of south- 


eastern England and in parte of France, seem thus produced. Mr, 
Austen has informed us,* that the neleles hes eee 
centric arrangement of parts, like agates, and he points to the pro- 
bability that the phosphoric acid may have constituted part of the 
freal or coprolitic matter accumulated with other organic bodies, 
wt the period of the original deposit, and had been disseminated 
among the sand and ooze of the loeality and time, Moder re- 
searches have shown that phosphate of lime is far more diffused 
among rocks than was at one time supposed, When free carbonic 
acid is present in water, the phosphate of lime is, like the carbonate, 
soluble, though not to the same extent as the latter; so that con~ 
ditions may readily arise not only for its dissemination, but also for 
its aggregation into various forma amid rocks through which its 
particles could move. Not only waters impregnated with free 
carbonic acid, in the usual manner, would afford the common 
means of transport for such particles, but also, in the cases referred 
to by Mr. Austen, for the mixture of coprolitic with vegetable 
matter, the decomposition of the latter, and often, indeed, of the 
fiecal matter itself, might produce the carbonic acid needful in the 
required solution. 

‘The association of similar matter in nodules, is also sometimes: 
well seen amid deposits of siliceous sands, these so that: 
the nodules protrude as marked objects on weathered banks or cliffs. 
Sometimes the nodules are dispersed among the arenaceous accunni— 
lations, while at others they range in certain general planes, corre- 
sponding with those of deposit, and thus, in their mode of 
- a 





* Sournal of the Geological Society of London, vol. iv. p. 257, 1848, 
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occurrence, resemble the nodules of the carbonates of lime and iron, 
above mentioned, In certain of the arenaceous deposits the 
cementing substance of the nodules is occasionally calcareous, 
apparently aggregated from that matter once more dispersed amid 
the sands, and deposited amid the grains from solution, as a 
bicarbonate. The oxides and hydrated oxides of iron are also 
observed gathered in nodules, either dispersed or in planes, aggre- 
gating portions of sands. , ’ ; 

Even amid the older detrital accumulations with which geologists 
have become acquainted, this structure is observable. The separa- 
tion of calcareous matter into nodules from among the component 
parts of an original mud deposit, can be as well seen in the old 
series of rocks, known as Silurian, such as in portions of the 
Wenlock shales and limestones of that series, as it occurs in parts 
of Wales and the adjoining English counties, as in far moremodern 
geological accumulations. So also with the aggregations of siliceous 
matter in the nodular or spheroidal forms, showing that similar 
conditions for these arrangements and adjustment of parts have 
continued to prevail through a long range of geological time. The 
following section (lig. 228) of part of the upper portion of the 





GRY Gy, ‘a 
Silurian series (Ludlow Rocks) of Brecknockshire, to be seen at a 
considerable development of that portion, in Cwm-ddu, near Llan- 
gammarch, will exhibit the arrangement of parts of this arenaccous 
rock, in certain beds, in a spheroidal form; layer after layer, as 
the decomposition of the rock shows, having been arranged round 
eomewhat central points of aggregation dispersed in certain lines of 
beds, Aggregations of this kind occasionally measure many foot 
in diameter. Such aggregations are sometimes only to be detected 
on the face of rocks by lines arising from the stains of peroxide of 
iron, which, when followed out, are found to correspond with 
spheroidal surfaces. 

When, geologically, these adjustments of the parts of deposits 
may have been effected, it is not easy to infer, since in the instances 





Tepoxit where is particle levered 
and powers of adjustment, that ave been enabled to gala 
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iron amid the mud deposits of all geological ages is an | 
sho Sosa of saw of as aoe eg ae 





which they were diffused, as among the clays of 

That iron-pyrites should be gathered round 

rocks of different ages, Particularly in these, such as have been mud 
and clays, where the movement of its component particles may be 
inferred to have been, as in the case of the crystals above noticed, 
somewhat easy, would be anticipated, inasmuch as the i 
of iron-pyrites in connexion with decomposing animal a 
well known.* Thus we frequently find the sulphuret of 
incrusting organic remains, as crystals, ane ee 
lumps and patches, particularly amid clay and stale accumu= 
lations. 

Regarding sulphate of lime, irrespectively of its diated 
eryatals, as selenite, amid clays and ehales, it often constitutes 
considerable nodules, and dispersed irregular masses, as if, inde- 
pendently of original deposit, or change from the carbonate by the 
introduction of sulphuric acid amid particles of Ii 
separated out from the body of the rock, and became 
amid a soft muddy deposit, thrusting aside the Istter, Certain 
cn, | 
rat); ms tony tea to abe haa “onion 

jron-pyrites trom the decomposition of the bedics of some mice in « 
sclptate of iron, AnofherItatraive inate of th formation OF 
animal matter in a decomposing state, occurred at the bottom of a 
Mousehole, Corawall, where a dog had fallen into a solution of iron, and 
found surrounded by iron-pyrites. In these, and other well-known exses the hysiregen 
‘exolved from tho decomposition of the animal matter, is considered to take: 


‘both from the sulphurio acid and oxide of iron, so that Sron-pyrites, or 
‘of iron, is formed, Diag 
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them to have been produced much in the same way by segregation 
as the nodules of the carbonates of lime and iron, above noticed. 
At the same time beds of gypsum, both on the large and small 
scale, also so occur amid clays, marls, and shales, especially well seen 
amid portions of the red and grey marls of the upper new red 
sandstone series, or trias, that there is much difficulty in deciding 
az to the probability of their original production from solutions, 
amid the clays or mud, in a manner similar, as general 
principles, to that noticed by Professor Bunsen, or partly in that 
manner, and partly by segregation into veins formed subsequently 
to the general accumulation and its partial induration, The section 
beneath (fig. 229), seen at Watchet, Somersetshire, amid the marls 





of the trias, will illustrate a mode of occurrence of not an uncommon 
kind, wherein beds of gypsum a, a, a, are united by strings of the 
same substance traversing the intermediate mars 6, 6, 8, in various 
directions, and having somewhat the appearance of cracks filled, 
inasmuch as the fibrous gypsum in them has the fibres usually at 
right angles to the walls of the containing marls, as if erystalliza~ 
tion had taken place against those walls. No doubt this appearance 
may be deceptive, but Seal events, it becomes an interesting object 
of inquiry, to ascertain how fur, under such modes of occurrence, 
the evidence may be in favour of un original separation and deposit 
of the sulphate of lime, contemporaneously with the matter of the 
mars, or of a segregation of, at least, part of the same substance 
into veins, from a dispersion of the sulphate of lime amid the body 
of the accumulation, 

When the observer reflects upon the different conditions, to 
which the various deposits in seas and bodies of fresh water may 
have been subjected, posterior to their original accumulation, he 
will not fail to appreciate the modifications which the whole mass 
of many may have sustained. The mere change from being super- 
ficial, on the bottoms of seas and other bodies of water, to being 
buried beneath many, and sometimes varied additional accumu~ 
lations, is alone a condition under which new adjustments of parte 





such deposits, as regurds the of the ea, naar 
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which issue from various rocks, and for which the : 
by the simple percolation of atmospheric waters through | 
beds of different kinds, until ioc oxa fy lar pace 
(p- 16), suffice to show the amount and kinds of substances soluble 
under such conditions, and which remain in the various deposits 
effected beneath the sea or other waters, after many of these sccu- 
mulations have been more or less solidified, and raised into the 
atmosphere, where they now constitute portions of land above the 
level of the sea, In the various borings or sinkings formine-shafts, 
the driving of extensive tunnels and levels, and in wells of various 
kinds, especially of those termed artesian, he has also the oppor- 
tunity of ascertaining the soluble contents of the waters 
be disseminated among the rocks traversed ; and where such waters 
may be considered as in a somewhat stagnant state, except so far as 
movement through any fissures, joints, and the pores of the rocks 
themselves, may be induced by differences of temperature from the 
surface of the earth downwards towards the interior. There does 
not exist so much exact information as to the substances in solution 
among the waters disseminated amid rocks in this manner as is 
desirable; neither are the soluble contents of the various waters 
rising through faults on the surface of the ground, or flowing up at 
the bottoms of mines, with a temperature sufficiently elevated to 
render it probable that they rose from greater depths, so well known 
as is required for properly estimating the amount and kinds of 
substances, which may be thus cireumstanced; but there still exists 
sufficient knowledge on the subject to show the observer the value 
of investigations in this direction. 

The waters rising from the chalk at the artesian well in Trafal- 
gar-square, London, and which are obtained from their dissemina- 


























tion in that rock, show, that in 68-24 grains of solid matter in an 
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imperial gallon, 18 grains are composed of carbonate of soda; while 
the carbonate of lime contained among the solid matter above men- 
tioned, only amounts to 3-255 grains; and thus the waters resting, 
toa certain extent, stagnant in the chalk beneath London, with its 
thick covering of (London) clay, exhibit a very different character, 
as to the substances in solution, from that of the spring waters 
which flow out of the chalk on the surfice, where that rock 
arrives at or adjoins it.* 

Among the various substances found in solution, either dissemi- 
nated among the pores of rocks, or which become, as it were, 
washed out of them in solution, by waters percolating through 
them and issuing as springs, the observer will do well to recollect 
the amount of chloride of sodium so often obtained. That itshould 
be a somewhat abundant substance would be expected in deposits 
of mud, silt, sand, and gravel effected beneath the sea; as also that, 
when such accumulations were elevated into the atmosphere, and 
Tain-waters found their way to the chloride of sodium, it should be 
removed by any springs thence resulting, It will be seen that in 
the waters disseminated amid the chalk beneath London, this 
substance was found to constitute somewhat more than two-sevenths 
of the whole solid contents obtained from it.t Looking at chloride 
of sodium alone, and its dissemination among beds of quartz ar other 
siliceous sands, and the descent of the whole to some very elevated 
temperature by depression of the earth's surface in any given region, 





* The following are the substances contained in nn imperial gallon of the waters 
of the Trafnlgnr-ayunre well, neconding to Mest. Abel end Rowney — 





Jn Un cade of doluble Mineral metiar dtseninntel iy nooks, mish the chalk 
beat con ob bra nnn hat whe hr a meme oh 
contained water among their pores or fissures to supply that raised to the surface by 
Dumping, or sing from boring and overtowing, the origi! condliton of somewhat 
stagnant dissemination becomes changed by the amount of the water thus 

0 that when many wells reach jnto the chalk, ax beneath London, ® movement of 
water amid the body of that rock is occasioned towards the various wells, which would 
not have taken place under ondinary natural elroumsiances. 

t As son, or rmther estuary waters, are inferred partly to percolate into the chalk 
beneath London, some caution is needed as to the source of all the chloride of sodium 
in the ehalk so situated, 





passage of an ondinary sandstone bed into a quarts rock ean be easily 
traced. Of this, a quartz rock, amid the new red sandstone series 
near Bridgend, Glamorganshire, may serve for an example, as the 
same bed can be readily followed from its ordinary sandstone ¢ha- 
racter on the north of the town, to that of quartz rock on the road 
to Pyle Inn, Changes of a similar kind are sufficiently common in 
the course of numerous rocks, as well in single and marked beds, 
as in numbers of them collectively; and the observer will, no doubt, 
have to seck for the causes of these differences as well in the 
unequal or variable supplies of the cementing matter, according to 

——— 





* ‘The arrangement of parts in certain of those quarts rocks is 
Jt roquires very careful examination, and even occasionally a thin slicing. 
that it can be wtudied through transmitted lght, in arder to distingulsh the: 
grains of quarts wand, the cementing and external parts of these grains’ 
50 muoh blended, For the most part, however, the detrital origin of the 
is sufficiently evident. Tn examining these rooks, ax they are 
of quartz, if is needful carefully to distinguish between the latter, which mre 
the ordinary infiltrations of siliem into cracks and fissures, from the Daly a 
itnolf, a ehroumstance that has not always received attention, 
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subordinate local influences, as among the different originsl com- 
positions of continuous deposits; the latter often, nevertheless, 
appearing a sufficient cause, in the same way that, in a series of 
beds, wherein varieties of this kind are very striking, much eriginal 
differences are apparent. Certain hard quartzose beds beneath 

others of coal, between Swansea and the Mumbles, may be oan 
illustration of a probable change effected by the pa dee bering of 
silica, or some silicates, after their original deposit, In these beds, 
the rots of a plant (Stigmaria), existing when the coal measures, 
of which they constitute a portion, were accumulated, once as 
freely grew, spreading out their finest parts in the evidently 
yielding ground of the time (p. 501), as in any other of the 
similarly-cireumstanced beds of the same district supporting seams 
of coal, and known as wnder-clays (p. peli now they are 

bound up in a hard siliceous rock, upon which 

influences have as little action as on ordinary quartz rocks, the 
original silty and loosely-aggregated substance of the beds being 
converted into a hard quartzose substance. 

Looking at the mass of detrital matter, more or less consolidated 
by silica or the silicates, the study of the manner in which this 
may have been effected by them, becomes a matter of no slight 
interest to the geological observer. He finds silica in a pure or 
nearly pure state in cavities of various rocks, especially of those of 
igneous origin, wherein hollows and vesicles have been left, it being 
seen more or leas filling such cavities with agates, onyxes, chalce- 
dony, and rock crystals, and he can have litte doubt that this 
silica was introduced into the hollows and vesicles by infiltration 
and in solution. Indeed, the stalactitic forms of the silica often 
sufficiently show this, certain agates, us is well seen upon their 
decomposition, being merely forms of this kind eventually filling 
hollows. At other times, the layers of the siliceous deposits occur 
in planes, apparently horizontal at the time they were effected. 
‘These modes of oceurrence show him that silica has been, and can 
be, disseminated amid the pores of xock, often hard and (so called) 
compact, its particles finding their way for deposit in a pure or 
nearly pure state into the vesicles and cavities of such rocks. 

Tn investigations of this kind it will be desirable that the observer 
should bear in mind that certain silicates are not difficult of decom- 
position, as, for example, those of potash and soda, when free car- 
bonic acid may be present. Upon looking at this subject generally, 
such conditions may be inferred not to be so rare as might at first 
be supposed. In certain regions, the decomposition of the felspar 








the manner in which carbonic ncid may arise from th 

sition of organic bodies, be mingled with water, and act 

silicates, it is also to be inferred that favourable 

‘under which silica could be thus thrown down, even: 

matter afforded the carbonic acid, amid the pores and ca 

@ certain part of the plants themselves, i 

structures. ~~ el 
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which it is here sufficient to direct careful attention, be Mt 

rated from certain silicates under the common 
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circumstances with regard to this substance become changed when 
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siderable. For instance, instead of 
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would be driven off, and the silicic acid would remain combined 

with the alkalies. Again, it is now known that while puresilica, so 

very important geologically, may be very difficult to dissolve in 

water at the temperature commonly termed ordinary, when the 

heat of water is much increased beneath the requisite pressure, it 

may be considered simply, like many other substances, a& more 

soluble in highly-heated ‘entars Cham impasse a 

temperatures. Hence, when the observer regards the facility with 


which pressure, and elevated temperature may be oe 





descent beneath the surface of the earth, he will see that no 
modification and change may be effected by the mere lowering of 
beds, moistened with water to situations where such water eould 
act upon the silicates of the rocks among which it may be dissemi- 
nated, and even upon silicic acid itself, existing as grains of pure 
quartz, this solution ready to be effected by, and to gee 
ous modifications and changes among the substances forming the 
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+ The fino structure of fossil siliceous wood is often beautifully preserved. 
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original deposit, or other matter subsequently introduced amid its 
. 


parts, 

‘The action of considerable heat upon rocks, producing change 
and modification of their component parts, can often be so studied 
among a minor mixture or juxtaposition of igneous rocks, and those 
evidently produced by chemical or mechanical deposit in water, as 
much to assist inquiries into the manner in which more general 
changes and modifications may be aided, and even sometimes 
effected on a great scale, In volcanic regions, substances, such 
as clays, become hard, in fact baked, as any tile or brick may be, 
by the overflow of a lava current among them, the result being 
the same as might be expected from our knowledge of the action 
of heat upon different varieties of clays in our potteries and 
Jain manufactures, some clays burning or baking well, others ill, 
In such cases the usual result is the production of certain 
by the action of the heat communicated from the liquid lava, A 
still further modification of parts is effected when, without loss of 
the original form of the deposit acted upon, some of the con- 
stituent particles have separated from the main mass in which they 
were disseminated, and, joining together, have produced crystals, 
there having existed a power of movement in these particles, 
similar, so far as regards conditions for separation from the main 
mass, and the movement obtained, to that above mentioned us hav- 
ing taken place in yielding deposits, such as clays. 

This modification in the arrangement of the component parts of 
rocks is common to the igneous action of all geological times, 
Tt can be us well seen amid the accumulations of igneous matter 
deposited with the old Silurian series of the British Islands, us in 
various regions among the voleanic products of the present time, 
and is one requiring some attention, since it might otherwise much 
interfere with the conclusions of an observer as to the conditions 
under which the component parts of a rock may have been origi- 
nally gathered together. A porphyritic character, from the disse- 
mination of certain crystals, as, for example, those of some of the 





for their guide, unite with them the conditions of high temperature beneath great 
Pressure, a also exclusion from the atmosphere, such as may be inferred to 
beneath given depths in the earth, upon that 

wards towards the central portions of the for nt least the distance at 
water, should it continue to exist as such, can be heated up to # very elevated tem- 
‘perature. 
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distance from it is increased, Of this kind of 

often-quoted instance of the chalk in the Isle of 

taken as an example. In this case, as shown ben 
Fig. 290. 


dykes, a.a a, of basaltic rock traverse the chalk of 

Ireland (so much broken up by eruptions of igneous m: 
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crystalline arrangement of the traversed and adjacent beds, certain 
minerals being very often formed by the movement of their com- 
ponent particles, under conditions when they could adjust them- 
selves into crystals, the surrounding matter giving way to their 
forms. These minerals vary much according to the chemical com- 
position and physical structure of the deposits acted upon, and 
also according to the volume aa well as kind of the igneous rocks 
introduced. ' 
A far larger amount of modification and change is necessarily 
effected when the mass of igneous rock, introduced amid prior 
accurnulations, is considerable, and when it may be inferred, as it 
often can be, that this intrusion has been effected at depths beneath 
the surface where there was no contact with the atmosphere; but 
where, on the contrary, any water distributed amid the pores or 
crevices of the previously-formed rock, consolidated or otherwise, 
ag may have happened, could not escape, with any solutions it 
contained, having been confined to a certain range, beyond which, 
a continuation of the same, or other rocks, with their dissemi- 
nated moisture, remained much in its condition prior to the in- 
trusion. As has been previously remarked, certain of the gran- 
itic intrusions appear to have effected much change in adjacent 
accumulations, In various parts of the world, such modifications 
of previously-formed rocks of all kinds in contact with the in- 
trusions and upheavals of granitic matter, are most marked, the 
altered rocks being traceable to their more usual forms of ordinary 
limestones, argillaceous and arenaceous slates, sandstones, or the like ; 
some even of these rocks being fossiliferous, and 80 cecurring, 
that their relative geological age can be readily assigned them. 
Changes and modifications of this kind can be well seen to have 
been produced upon the Cambrian and Silurian rocks, prior to the 
accumulation of the old red sandstone, in parts of Ireland (in the 
counties of Wicklow, Wexford, &e.) ; and in south-western England, 
upon deposits of a later date (effected anterior to the new red 
sandstone); the rocks acted upon being of varied composition, 
including different igneous accumulations, aa well thrown out in ao 
molten state, as deposited as ashes and lapilli beneath water (p. 554). 
In such situations, the observer will find, as he might anticipate, 
the consolidation by silica and the silicates often very considerable, 
beds of ordinary sandstone sometimes exhibiting their component 
grains as if passing into the matter cementing them. Judging 
from the solvent effects of water and steam, at high temperatures, 
upon the usual silicates employed in glass, when moisture is dis- 
Qe 
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highly instructive, Near the intruded granite, tho crystals of this 
mineral are oceasionally found of large size; and while they have, 
as it were, shouldered off the other substances in the way of’ their 
formation, they sometimes exhibit portions of entangled matter, 
such as mica, as might be expected in such a mode of production. 
‘This mineral, not uncommon under similar conditions, is precisely 
one of those which would be expected to be thus formed, being 


essentially a silicate of alumina (the base of the clays), « compound 


forming a prominent part of the original deposits in which these 
andalusites become developed. C/iastolite is also a form in which 
the silicate of alumina appears amid altered rocks, and is one not 
uncommon among the old sedimentary deposits modified in contact 
with granite in Devon and Cornwall. Stawrolite, another common 
mineral developed amid mechanically-formed deposits, when acted 
upon by masses of granitic and of other igneous rocks in a molten 


bes aretoberrsaarmepre cn Cents ius tae hea GB 
Which silicate of alumina occurs developed amid altered rocks. 
Garnets are often very common in those which have suffered 
modification in the adjustment of their Component parts. When 
the observer refers to the chemical composition of these minerals, 
as shown by various analyses, he will see, by duly considering the 
isomorphism of certain substances that their component parts may 
be readily gathered together, under conditions for their movement, 
from amid rocks apparently of different kinds. While peroxide of 
iron constitutes a prominent portion of some garnets, it is replaced by 
alumina in others; and while lime forms an important substance in 
most gurnets, it may be considered as replaced by protoxide of 
iron in others.* Amid the various altered rocks in which garnets 
have been developed, the pushing aside, o8 it were, of other parts 





* The following, among the numerous analyses of garnets, may show their varied 
composition, chiefly due to isomorphism -— 
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the micaceous matter so acted upon, us to form better 
films of that mineral, its component parts having adjusted them- 
selves in a manner more resembling an original formation of mica, 
In like manner, also, ordinary felspar seems to have been thus pro- 
duced, 0 that an original deposit in which grains of quartz, felspar, 
and mica have been accumulated, (the detritus of some 
granitic rock,) would become the laminated compound of that 
character known a8 gneiss, while one formed only of grains of quartz 
and mica would become mica slate.* Paying due regard to the ori- 
ginal composition of the rocks acted upon, with proper reference to 
the conditions under which mineral matter may be passed out, and 
move among the parts of the igneous rocks, gradually down 
during a long lapse of time, and also amid the pores and 

of the prior-formed rocks, the observer would anticipate very 
numerous combinations, producing great modifications and 

in the original composition of deposits, He will find the study one 
of great interest, well repaying the time he may devote to it, 

* When considering the varlous kinds of modification of parts which deposits may 
sustain from the contact of great masses of igneous rocks in a fusod state, or from 
descent towards the interior of the earth, so that somewhat similar conditions may be 
produced, It ls not a little interesting for the gevlogiat to direct his attention to those 
which certain of them would, in consaquonee, present. If for example, the thick. 
ods of the millstone grit, forming the lower part of the coul-measure series (as this 
grit occurs in the midland and northern counties of England, composed of quartz, 
mica, ond felapar, the latter urually decompoed), were exposed to the eanditions fir 
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and some other geologists, that the finely-divided, 

deposited matter had been gathered poser 

reminding us of that which unites the particles of 

given combinations of substances, might appear pro 
Upon studying the districts where the 


and it may be sometimes seen that while, in associated coarse and 
fine-grained beds, the latter are beautifully cleaved, the former ap- 
pear unaflected, as if the fine particles of the one could be easily 
acted upon, while the coarser grains better resisted a new adjust~ 
ment. This conclusion requires, however, much caution, 


sopcteciting, sedbtons bide’ a6. emt ee ee 
beds, 4, 8, b, while the cleavage may be well 
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near Ilfracombe, North Devon, 5, }, 4, being thin seams of limo- 
stone, about two or three inches thick, a, a, a, argillaceous slates ; 
the argillaceous slates being made so by cleavage. The true planes 
of deposit are shown by those of the interstratified seams of lime- 
stone. The planes of cleavage lamination traverse the whole with 
a general southern dip, slightly interrupted at the seams of lime- 
stone, where their course is modified ; and though the limestone is 
divided in the same general direction, it is so in a somewhat con- 
torted manner, as shown by the carbonate of lime which has been sub- 
sequently infiltrated and deposited in the fissures so formed. The 
somewhat contorted modification of the cleavage in the limestone 
isshown atc. In such cases as these the geologist may consider the 
limestone to have been consolidated so as to haye been capable of a 
certain amount of fracture, while the mud or clay, now consoli- 
dated as well as cleaved, so as to form hard slates in the direction 
of the cleavage, had the whole of its component parts more or less 
rearranged in certain directions by the cleavage action. 

At times an interruption may be traced even between argillaceous 
beds themselves, when these are piled upon each other in a manner 
marking a pause in the deposit, so that a clear surface has been 
formed between the production of one bed and the accumulation 
of another, The following section (fig. 235,) seen near Wiyelis- 
combe, West Somerset, shows that while the planes of cleavage 


« Fig. 235. 





take a general direction, @ a, they are slightly bent, and undulate 
where the partings of the beds, } J, occur, Whether, at the time 
of the cleavage the mere break in the continuity of the argillaccons 
matter was sufficient to produce this effect, or whether any Eo 
of substances may have been in solution in water, occupying 
interstices between the beds, causing the effects observed, ib 
matter for investigation. 
‘These interruptions and modifications of cleavage, though im- 

portant for the study of its cause and mode of action, and which 
are far from being always observable, become lost when cleavage is 
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tion diagonally across the cleavage. Among these j 

reales porphyries will be found cut by cleavage, as well as the 
and arenaceous beds of the Silurian series of which 

Gy oa estestolle Dooiecteds As illustrative of variation 

dip of the cleavage, and of the tre beds seen 

especially when the latter are contorted, the following section 

(fig. 236) of part of the Devonian series, on the coast between Morte 

and Bull Point, near Ilfracombe, Devon, may be useful, inasmuch 

as the true beds, chiefly of argillaceous matter, have been s0 cleaved. 

in a constant direction, that while the cleavage ‘plan6l idee aaa 


But the coarser beds and the fiser, the twisted and the straight, hate 
Jected to one change, Cryvtalline forces have 

‘em, producing « beautiful crystalline cleavage, passing alike 

And ogein, through all this region, whatever be the contortions 
Planes of. the cleavage pass on generally without deviation, running in 
from one end to the other, and Inclining at a great angle, to a point omly a 
sweat of taagnotlo north ?™MOn’ tha aruchare of Large ‘ara 
the Geological Society of London,” 2nd series, voh fila p. 477, 
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contorted beds being composed of sandstone and slate; the for 
for the most part, converted into quartz rock. 
Occasionally a double cleavage will be found, one set of 
cutting another, as in the annexed section (lig. 239), where twe 





Wexford, and Waterford ; inasmuch as 
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Waterford, clearly worn off, in a cleaved condition, 
jacent, upturned and contorted rocks, on wl 

has been deposited. Hence, also, it may be 
cleavage of the mountain or carboniferous limestone 
in some parts of Ireland, occurred after that of the 
above mentioned. Jae lowing re 
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veins of a porphyritie rock, a, a, tmversing some Devonian’ slates, 
4, b, between Cawsand and Redding Point, Plymouth Sound, the 





slates and the igneous rock presenting one commen lamination 
from cleavage, the latter would be effected after the intrusion of 
the porphyry. Upon studying the mode of occurrence of the 
rocks in the district, it will be found, as above noticed (p, 569), 
that porphyries of this kind might belong to the period of those 
known as elvans in Comwall and Deyon. 

By examining the conglomerates usually forming the lower part 
of the new red sandstone series of Devonshire, the observer detects 
portions of the prior-formed rocks laminated in a manner so agree- 
ing with cleavage, that he may infer that the cleavage of the older 
Devonian rocks was effected before the deposit of the new red 
sandstone in that district, and subsequently to the intrusion of the 
granite. 

Upon following out the modification and adjustment of parts in 
rocks traversed by cleavage, it will in many districts be seen that 
there has been a movement and rearrangement of them in diree- 
tions corresponding with the planes of cleavage. There have often 
been elongations in those directions, so that any organic remains 


Pig. 240, 





contained in the beds become distorted, and seem as if pulled out, 
as in the preceding sketch (fig, 242), where several shells of 
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such as those of clays or ubdiied eo 

ay to be the deposits most ‘There appears 

Tle difliguty. im inferring bat the partcles of smatiec tees such as” 
those which have composed slight organic bodies, or represent auch 
particles at the time when the cleavage action was in force, would 
yield, like those amid which they were placed, to the same influ- 
ence, so that, at the final adjustment of all the component of 
Rolerel maka tiny walls Sonesta eae a as 
original position, as to present an elongated form. 

Cleavage will sometime ba ised Gooey aartanne aoe 
position in a given area, as also a portion unaffected by any action 
of the kind to occur in a generally-cleaved district. Facts 
illustrating the causes of these differences are very desirable, as 
are, indeed, all cure cheeryaticns on. dhe. tice. sides 
considered as a whole. Whatever view may be taken of its cause, 
extended research is required ay to the direction of cleavage: 
through many and yariously-situated regions, the composition and 
mode of occurrence of the rocks traversed, and the changes in the 
dips of the planes of cleavage, as well as in their directions, In. 
certain districts, where different directions of cleavage seem much 
to correspond with that of the ranges of the rocks themseclyes, and 
these are of different geological ages, as, for example, the north-east 
portion of North Wales, where certain Upper Silurian deposits 
pacleerpygertael: perk ie 
upturned, with others of the Cambrian sories supporting 
i becomes date to tcotai how ks co Geetlad es 
{jBmited to the rocks of one general range and not found 
other, In other words, endeavouring to ascertain 
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others. They are seen aa frequently among rocks which have been 
jected or protruded in igneous fusion, as among those which are 
dewital, or which may have been dopesited from solution. They 
traverse the coarsest conglomerates as well as accumulations of the 
finest sediment, such as once may have been common argillaceous 
clay or mud. The distinction between coarse cleavage and closely= 
approximated joints may be sometimes difficult to determine, as, 
for example, in the section beneath (fig. 246), representing a por- 





phyry traversed by planes, dividing it into slabs of moderate thick~ 
ness in a given direction, on the summit of the mountain on the 
south of Clynog Vawr, Cuernarvonshire, As a whole, however, 
the joints so traverse all kinds of rocks, cutting through such 
varied bodies, those, for example, often gathered together in @ coarse 
conglomerate, and in such definite and perfect planes, that power- 
ful as cleavage has often been, the action productive of joints some- 
times appears to have been more capable of dividing the mineral 
matter brought within its influence. 

It is often by means of the minor solids into which many rocks 
are divided from the intersection of joints, or by that of the latter 
and the plines of true bedding, that they can be employed for 
useful purposes. ‘Though from the last circumstance long known, 
joints have only attracted attention as among objects of geological 
interest within the present century. The joints of granitic rocks 
appear to have been among the earliest of those observed as having 
definite, or nearly definite directions for considerable distances in 
given areas.* The planes of joints in these rocks not only present 
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seen in many other parts of the world, in accordance with the 
external form of the general mass. It may be, that in the joints 
of granitic rocks we only have the structural arrangement of parts 
effected at their consolidation, so that the different origin of the 
horizontal from the vertical planes may be somewhat imaginary. 
‘The more or less vertical joints of some granitic areas are certainly 
often continued, as for example in Cornwall, into the sedimentary 
rocks amid which they may occur, but how far it can thence be 
inferred that these were produced subsequently to the horizontal 
planes in the granite may be questionable, inasmuch as the j jointing 
of the whole area may have been effected at one 

Indeed, as above noticed (p. 580), the granite may often be inferred 
to be at comparatively slight depths beneath such districts, sup- 
porting the sedimentary rocks that have been upraised. 

‘Though it may be sometimes doubted, regarding the more or 
Jess vertical jointing of granitic rocks, how far this may be considered 
as originally structural, like the divisions in certain felspathio and 
hornblendic rocks, giving a columnar character to them, in the 
manner of basalts (p. 405), there can be no doubt as to the joints 
in the sedimentary rocks. Here the observer certainly sees the 
matter of consolidated gravels, sand, silt and clay, or mud, dis- 
tinetly divided by planes cutting through it in marked directions 
for considerable distances. Such appearances as the following 
(lig. 248), ere often presented to our attention amid sedimentary 
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through this conglomerate, but the limestones with which it is 
associated. 


Joints in limestones are often of the most marked kind, In 
many cases there is no difficulty in distinguishing the bedding 
from the joints. In others, however, the observer will not find it 
s0 easy to determine between the two surfaces, without much care, 
Tt sometimes happens, that the joints have a much more marked 
appearance than the divisions of true bedding. As, for example, 
in the annexed sketch (fig. 250), wherein the joints are prominently 
shown, one in particular being somewhat opened at a, while the 





true bedding, 4 4, is more obscure. In such cases, the observer has 
carefully to search for lines of organic remains, dissimilar beds, or 
partings of shale or other substances, in order to be sure of the 
true bedding. 

‘The courses of joints, though often of a marked kind through 
various rocks in the same district, and in the same general direc- 
tions for long distances, as if’ the power producing them had been 
brought into action under some great leading influence, affecting « 
great mass of mineral matter in that district, however modified in 
character its parts may be, appear not a little adjusted, as in 
~cleavage, to the main position of the component beds, there being 
frequently a tendency in joint divisions to take courses at right 
angles, aa a whole, to it. As in cleavage, also, divisions re- 
sembling jointing, so far a their distance from each other is con- 
cemed, appear to run through certain beds of a general accumula- 
tion more abundantly than in others. Of this kind, the divisions 
through parts of the shales of the lias near Lyme Regis may be 
taken as an example, Though joints are not there observed in the 
mass of the argillaceous limestones composing that deposit, in 
certain beds of shales, on the west of the town, divisions, perpen- 
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of argillaceous matter, originally a thick accumulation of clay or 
mud, though now consolidated into hard rock, shows joint lines, 
aaa, and sections of the planes of cleavage, 6 5, but docs not 
exhibit a surface sufficiently large to show the planes of true 


bedding. 

Occasionally, the division of an original deposit of clay or silt, by 
cleavage and joints, becomes most complicated, requiring no slight 
care on the part of an observer to arrive at the surfaces of the true 
beds, more especially when organic remains are absent, and the 
mineral matter is of a common character throughout. Of this kind 
of complication, the following sketch (fg. 252) of a quarry at 





Brewer's Hill, county Wicklow, may be useful as an illustration, 
‘The truc bedding is a plane, facing the reader, while there are 
divisional plance ranging in the direction @ a, in that of 6 5,and in 
that of ee. 
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of lower grounds to them, and the opportunities 

oie for obtaining illustrative sections im," 
us planes. A glance at any serie yes ome 
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With such a globe before him, and bearing in 
mind the heights of the various ange oe 
chains of mountains as compared with 
diameter of our planet, an observer may, 
bably, be led to infer that, however elevated 
and important these may be considered by 
those wandering amid their depressions, or 
striving to ascend their heights, viewed as 
ridges on the surface of the earth, they con- 
stitute very minor protrusions, interfering 
little with the general form of the world. It 
is somewhat important, in searching for facts 
illustrative of the production of mountains, 
that their relative proportion to the volume 
and diameter of the earth should not be ne- 
glected. If, in the annexed diagram (fig, 253), 
abe, represent a section of a portion of our 
planet. from ita surface a, 4, to its contre ¢; 
the thick line, a, , would be the elevation of 
even the highest mountains as compared with 
the radius of the earth. Hence it is not diffi 
cult to conceive that the rending of any portion 
of consclidated or partly consolidated mineral 
matter, distributed in various ways over the 
surface, a, b, and the squeezing of the sides of 
these rents or fissures against each other, (with 
or without the propulsion upwards of any 
molten substances amid interstices in the 
squeezed masses of consolidated or partly-con- 


solidated mineral malt) mod brent 
of varied forms more or less corresponding with 
the lines of the fissures. 


It has been seen that igneous rocks have 
been ejected in various ways, that mineral 
matter worn from them by the action of the 


Cu XXXIL) MOVEMENTS IN MOUNTAIN RANGES. 
covered tranquilly by subsequently-formed beds, he may be induced. 
to conclude that whatever the cause of mountain ranges, it may 
have continued in action during a long lapse of geological time, 
and may still exist.* 

Upon connecting the form, volume, and diameter of the earth 





4 Tha allowing scion (tg 28) may protaby be wefl tn showing the relative 


age of disturbed beds of ‘in mountain ranges. If the rocks «a, are found resting 
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r Fig, 255. 


disturbed country, 
tain ke to ced ely oe pent inner 
and anterior movement of rocks can be inferred, then, in such range of 
of dinturbod district, there would have been two distinot movements,one prior to the 
production of 4b, the other anterior to the accumulation of aa, In the case of beds 
covering contortions, it becomes very needful carefully to observe them sufficiently 
on the large wcale, For example, let beds « a, in the annexed section (fig. 256), 
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also be directed to the subject on the larger scale. The earth so 
little differs from a sphere in form, that, in investigations of this 
kind, it may be regarded as one composed of matter upon which 
some general action, tending to ridge its surface, might also 

results on that mary go general rencsnters io 
and resistances, and all other circumstances, equal, It is in this 
supposition of exactly equal conditions that there may be much 
difficulty with such relatively minor volumes of matter as mountain 
chains, so that even inferring some constant action, it may be so 
modified by circumstances as to be materially concealed from obser- 
vation, To the direction of lines of disturbances on the earth's 
surface, productive of mountain chains, or otherwise, a8 may have 
occurred, much attention has been given of late years, in conso- 
quence of the labours of M. Elie de Beaumont on this subject.* 
He has inferred that there is evidence to show that, during the 
lapse of geological time, the disturbances of the earth's crust have 
been effected in given directions, at certain times, and that these 
disturbances have taken place along considerable fractions of the 
great circles of our planet.t He has further considered that there 


* The Srat account of the views of M, ftie de Beaumont on this subject was eom- 
municated to tho Academy of Sciences of Paris, in June, 189, 

+ M. fille de Beaumont remarks in a communication to the author, in 1831 (Geo 
Jogical Manual, 1831), “ Pursuing the subject, na far as my moans of observation and 
induction will permit, it bas appeared to me that the different systems (of mountains 
anid disturbed rocks), at least thove which are at the same time the most striking and 
recont, aro composed of a certain aumber of small chains, ranged paralie! to the semi- 
elrcumference of the earth's surface, and occupying a zone of much greater length 
than breadth ; and of which the longth embraces # considemble frection of sate 

tho great circles of the terrestrial sphere. * * * The secular refrigeration, that 
say, the slow diffusion of the primitive heat to which the ped tags ape 
forms, and the geuerully-regalur disposition of thelr beds from the centre to the 


tion is now nearly insenaiblo, Wo are, udoubtelly, ignorant 0 t of the physical pro- 
perties of the matter composing the interior of these bodies ; but nla us to 
consider, that the inequality of cooling above mentioned would place their crusts 
under th necessity of continually diminishing thelr eapacities, notwithstanding the 
nearly rigorous constancy of thelr temperature) in order that they shoul not ceaxe 
exactly to embrace their internal masses, the temperature of which diminishes 
sensibly. ‘They mas therefore depart, ina alight and progrewsivs manner fom the 
phi and corresponding to a minimum of capecity and 

the gradunlly-inerensing tendency to revert to tat Sars, wheter Hast 


tuborances which have been formed at intervals on the external crust of the earth, 
‘and probably also of all the other planets,” 





estimating the directions of disturbance at different geological times, 
with reference to the views of M. Elie de Beaumont, the observer 
would have to bear in mind the great circles of comparison to which 
the directions of any ranges of mountains, or masses of disturbed beds 
are to be referred. 

In investigations of this kind, the geologist has to consider not 
only any exertion of force tending to disrupt portions of the earth’s 
surface, acting generally or partially, but also the kind of resistance 
offered, one which may be materially modified by any variable 
thickness of the solid matter acted upon, and by variations im the 
coherence of portions of that matter. As in all movements of this 
order, differences in the lines of least resistance to some given force, 
independently of those in that force itself, would produce very 
marked differences in the ranges of disturbed rocks, especially on 
the minor scale, in researches of this kind it may not be easy always 
to estimate very correctly the value of a so-called minor scale. If 
an observer, aware of the general geological structure of the British 
Islands, and of a few thousand square miles of the adjoining portion 
of the continent of Europe, duly weighing the probability of the 
mode of occurrence of the different rocks to a depth not extending 
to cven more than three or four miles, suppose this mass of variably- 
accumulated matter to be ridged, squeezed, and contorted by a farce 
acting in some given direction, 80 as to produce a lefty chain of 
mountains like the Alps or the Himalaya, he would expoct that 
very material minor modifications are not unlikely to be produced 
in the direction of the various parts, and even that these might 
extend and interfere with the direction of the range itself. If the 
great masses of igneous rocks, such as the granites of various parts 
of the area mentioned, are to be inferred as, so to speak, anchored 
somewhat firmly beneath, a crush, acting upon them and the de- 
trital accumulations by which they may be surrounded. 
or be covered by to various depths, would be expected to be marked 
by an arrangement of the mineral matter in accordance with its 
different coherence, form, and thickness, 

As during the progress of geological time so much of the earth's 
surface, formed of either igneous products or strewod over with 
detrital, or chernically-deposited matter of yarious kinds, as also 
with the remains of animal and vegetable life, has been covered by 
seed. cn satay ges soso a ae 

areas, col » it no 
geologist to picture to himself the parte comilitnee hay pia 
at given periods, so that the disturbed and undisturbed portions 









pene apres sacar Wienke gy hire 
de Verneuil,* the geologist obtains a knowledge, not only of the 
time up to which these portions of the earth’s surface may have 
remained without such disturbance, but also of the direction of the 
line or lines along which it was effected. 

‘The mountain ranges of the world, occurring in so many parts of 
its surface, seem all marked by evidence of the squeezing and eon- 
tortion of the different accumulations disturbed, as far as researches 
have yet extended. While some show igneous matter to have — 
risen up in somewhat considerable abundance, and spparently 
when these disturbances were effected, it is not discovered so cam- 
monly in others. This may merely depend, all other things being 
equal, upon the amount of mineral matter of another character 
which has been removed, or upon that matter having been so ad- 
justed as to conceal the igneous rocks. Much caution is therefore 
needed when an observer may be engaged in this kind of inquiry. 
‘Thus, in some granitic ranges, such, for example, as those above 
noticed in South-western England and South-castern Ireland, we 
may only have the remains of former chains of mountains. 

To obtain very close approximations in ranges of mountains, 
to the amount of folding, contortion, or fracture of the various 
rocks acted upon in the manner mentioned, sections should be 
formed proportionally representing these circumstances, Usually, 
however, no great exactitude is attempted, so that sections of 
mountain districts merely afford very gencral views on the subject, 
Even these, nevertheless, are sufficient to show the great lateral 
pressure to which the whole, abstracting any igneous rocks 
(apparently introduced during the time or times of such disturbit 
action), has been commonly subjected. ‘The observer often finds, 
when following some given series of beds, presenting characters: 


such contorted beds could be again laid out flat, as when deposited, 


Fig. 207. 


of 
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they would have to be spread over a greater 
they now occupy. Tho it te ceed eae eay N 


+ “Geology of Ruropean Russia and the Url Mountaine.” 
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and contorted beds having been thus effected, the observer has to 
see whether on the one side ofa mountain chain or the other, or 
on both, there may be any evidence in favour of lateral pressure 
acting from without inwards, or if there may appear any in favour 
of a great fissure or fissures, in the ranges of the mountains them- 
selves, against the sides of which the rocks moved, and had ad- 
justed themselves according to the action of gravity, and the 
lateral thrust upon yielding materials outwards, The usual im- 
left, even the general sections given of of 
oars felgedhaerppegrtear yr remo biess 
has been an elevation of their component rocks in the direction of 
these main ranges, and that they have adjusted themselves late- 
rally to meet the force of gravity acting vertically upon the upraised 
mass.* Inferring the needful pressure, it would be expected, that 
molten matter beneath the masses moved, would be ready to enter 
amid any openings effected, as fix as that pressure permitted, this 
intruded matter tending to brace much of the fractured beds to~ 
gether, upon cooling. putcteaeentromRT 
be among the consequences of the action 
elevation of the mountain range, per taranre 2m 
according to circumstances, 

Geologists are indebted to the Professors Rogers for observations 
on anextensive district in North America, one of about 195,000 
square miles, which have led them to point out an arrangement of 
the bends and foldings of disturbed rocks in accordance with the 





© Respecting the folding of beds by vertical na Iter prewar Oe Jame Hal 
since as 1813 (Transactions of the ety of Edinburgh, P. 
prt hanp chp Perea ar rn bred heen ca 
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© 
weight,, acting parallel to the plane of the table beneath, and by applying force 
. In experiments of this kind, it is not, however, necesmry to have the 
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siders that in these localities ulso the like flexures and plications 
are observable.* 

To produce a system of flexures and plications, such as that 
described by the Professors Rogers as occurring in North America, 
would not only seem to require great lateral pressure, but also a 
somewhat uniform and general yielding of the various beds moved 
during the whole time that the needful action was prolonged. Had 
there been large volumes of intermingled or deep-seated masses of 
igneous rocks, offering different resistances to the force employed, 
much modifications in the resulting flexures and plications would 
be expected, the softer and less-consolidated beds being even occa 
sionally squeezed over the large masses of the hard igneous rocks, 
‘Thus it might happen that when such igneous rocks were in 
abundance, many masses being deep-seated, the results of an appli- 
cation of foree along an extended line of action would be so 
modified as to offer considerable difficulty in tracing the various 
flexures and plications to such line. In all cases, as well that of 
the great Appalachian zone, as in the masses piled up to more 
marked heights, such as in the Alps and Himalaya, « shortening 
of the space previously occupied by the component beds appears 
required (fig. 260, p. 642), 

Whether the observer be engaged upon the examination of flex~ 
ures or plications amid ranges of mountains or less high]: 
portions of country, it is very desirable not only that he should 
duly appreciate the amount of the folding and bending of the 
accumulations disturbed, but also the real outline of the districts, 
Without a proper reference to this outline, the most exaggerated 
views may be entertained of the importance of heights and depres- 
sions, especially of mountainous regions, relatively to their dis- 





* Upon examining the Devonian rocks of the Rhine, Prof. I. Rogers inforred, 
that the entire region composed of these and the carboniferous series exhibits the 
eitots af ie i of Secure ana eton food ts the pacts, mal pe 
to a section from sonth-enst to north-west, either through the Taunus to Westphalia, 
or by the Hhine from Bingen to Remagen, or from the Hundsruck to the coal 
of Lidge, as showing an almost universal south-eastern dip, resulting from the 


oblique folds with xtewp or inverted dips to the north-west of each large antlalinal. 


He further remarks, that on approaching the northern side of the district the flexures 
become progressively more open, and that the inequality in the dip of thesides of the 
anticlinals diminishes, so thet in this ease also the force would to have 


than 
the ridges aro higher next the grent plain of Switzerland, all the individual flexures 


Airections; the plications of the Bernese Oberland dipping south, those of the ebain 
of the St, Gothant and the Simplon towards the north, 
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mineral matter on the earth's surface seems required, and duly | 
to appreciate its amount, it becomes needful to bear in mind the 
probable proportion of the original depth of the strata moved to 
the breadth of the surface acted upon, pbereere sso 
the fwults observed where plications in the A) 
have snapped, being, F scooting th the (Prati Sostes DUE 
fonhisec uke sto ealbol actaag er tar tata tena 
miles for their present breadth, measured across their range, and 
allow one fifth mare for their breadth in their prior extended 
form, the proportion of the thickness to the breadth of the mass 
disturbed, and more or less slid over some fitting surface beneath, 
would be about 1 ; 90. 

Of flexures and plications of beds, the fossiliferous rocks of 
Europe in many localities afford excellent examples, and of various 
geological dates, In the British Islands there are abundant oppor- 
tunities for their study, as well on the minor as the larger scale. 
Some of those in Wales and parts of Ireland are well worthy of 
attention, not only for the folding of igneous products of various 
kinds amid the ordinary detrital deposits with which they are 
associated, but also for the apparent adjustment of more yi 
to more resisting rocks to each other when exposed to lateral 
pressure, Some of the contortions of the coal measures of South 
‘Wales are of a very illustrative kind. As an example, the follow- 
ing section near Tenby (fig. 265) may be noticed, as the lowest 

Fig. 263, 
es few 
a an a 
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part of the rocks shown near that town are tilted over, 80 a8 to 
have the false appearance of haying been deposited after those 
which they really support; the mountain limestone series, a, 
appearing to repose at Tenby, 7, (from the part of the curve there 
visible,) upon the coal measures; dd, being the level of the sca, 
Certain lower beds of this limestone series are brought up, by a 
bend of the strata, at 6, ¢, o, ¢, represent various el and sand 
stones of the coal measures. There are dislocations, or faults, at f 3, 
and w v is Waterwinch, on the northward of Tenby. A still more 
considerable apparent inversion, from the same reason, is to be seen 


time, thece may themsolves be reheated in part after consolidation in thelr higher 
portions, and after the first uplifting, when fissures formed in the prior deposits were 
‘even filled with the then molten rock, s0 that, pressure continuing, these resoftencd 
portions could be squecant wp Iike the Deda of ihe prior formed depealiy oll furtee 
‘thrusting the latter on one side. 
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Nor only has the geologist to direct his attention to the fractures 
effected by the snapping of plications, when the rocks acted upon 
have been incapable of further flexure, as a mass or in part; but 
also to numerous lines of fracture, sometimes of considerable length, 
which traverse beds and masses of rocks, where violent squeez- 
ing into great plications and flexures has not occurred. For such 
lines of fracture, the mining term fault has now been adopted.* 
Sometimes, when even of considerable length, they are accom 
panied by very minor dislocations, the sides of the fractures nearly 
corresponding ; at others, the fracture has resulted in a separation 
of the beds, perpendicular to their surfaces, of several thousand 
feet, and yet the facture not be on the bend of a plication. Being 
of importance in mining districts, and mineral veins being com= 
monly the filling up of spaces consequent on them, the range of 
these fractures becomes better known in such districts than they 
would otherwise be; at the same time, however, in numerous other 
districts, where beds of marked and dissimilar mineral structure 
occur, they may be readily traced. 

The range of these fractures and the relative time of their pro- 





* A torm derived from the minera, chiefly those working coal, who, when these 
dislocations are met with, often find themselves at tho amount of the dislocation 
produced not being always clear, ‘They are also known as troubles by the miners, 

+ The geologist will find foults traced with great care in many of the maps of the 
Geological Survey of the United Kingdom, as, for example, in Sheets 36, 37, 41, 42, 
55, 56, 61, 74, and 79 of the Great Britain sories. 
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After investigating the action of the elevatory force supposed 
upon a thin lamina, and the direction of the fissures according to 
various conditions, parillel upon the single application of that 
foree, Mr. Hopkins in applying his researches* to a mass of three 
dimensions, deduces, among other important conclusions, that, “if 
the mass be subjected to two systems of parallel tensions of which 
the directions are perpendicular to each other, two systems of 
parallel fissures may be produced, of which the directions will be 

perpendicular to each other.” ‘No two systems of parallel fis- 
sures,” he infers, “ could be thus formed, of which the directions 
should not be perpendicular to each other.” “If the fissures in 
either of these systems be near to each other, they could not have 
been formed by such tensions as we have been considering, in 
succession. They must have been formed simultaneously in each 
system. One system, however, might be formed at any time sub- 
sequently to the other.” The modifications produced by different 
conditions are pointed out, and Mr. Hopkins remarks upon the 
sense in which the term parallelism, in these investigations, should 
be regarded, He observes that, ‘if the size of the mass be com~ 
paratively small, and its boundary irregular, this property would 
altogether cease to characterise the phenomena." 

Reflecting upon the modes of accumulation, as well of igneous as 
of aqueous deposits, and upon their variable admixture in different 
localitics and at different times, the observer will be led to infer 
that homogencity of structure in considerable masses of the mineral 
matter distributed over the earth’s surface would not very frequently 
be found. Bearing this in mind, as also that in the active volcanic 
districts of the world there is evidence of the varied intensity of 
igneous action somewhat irregularly distributed beneath a certain 





* Asitis out of place In # work of this kind to enter sufficiently into the investi- 
gations of Mr. Hopkins, further than to show their general bearing, we would refor 
for the mode of investigation, and the manner in which the varied results are pro- 
icseatany Rar oan Dis hci a Are 
sophical ‘where the observer will fl the ike lly tassel 

+ Mr. Repke manatees smperficie of our elevated mame te 


ximately 
Aicular to these lines. Ja this ease, then, the two systems will be no longer charac 
terised by any constant relations which their directions bear to that of the axis of 
elevation, and, therefore, the terms longitudinal and transverse will cease to designate 
‘them so correotly as in other onses."” 
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traced completely across to terminate at the inferior oolite (7) on 
the south. ‘This apparent and superficial termination of the faults, 
arises from their having been formed anterior to the deposits of the 
inferior oolite, lias, and new red sandstone, The chief fault is well 
known to traverse the coal mines beneath a continuation of these 
rocks, on its range northward, and is ascertained to be covered over 
horizontally by them all N. W. from Radstock. Thus, in this case, 
the date of these faults would be after the disturbance, and the 
flexure of the coal measures in that district, and anterior to the 
accumulation of the new red, sandstone series (including its dolo- 
mitic conglomerate) in the same district. Hence other faults in the 
vicinity having the same range might be inferred to have been 
contemporaneously produced with them, the more especially as at 
Wick Rocks, five miles from Bath, there is also evidence of faults 
traversing the coal measures, these having been subsequently and 
quietly covered by beds of the new red sandstone series, That all 
the faults traversing any denuded or uncovered portion of the older 
rocks of the same district, were of the same relative date, is shown 
not to be probable by finding some traversing the higher deposits 
themselves, both on the north and south of. the Mendip Hills, the 
chief of these taking an east and west direction, so that, fortunately, 
in this limited district, an observer may learn the value of caution, 
as to the relative dates of faults.* 

As to the exposure of faults, and inferences as to the dislocation 
of one series by others, much caution is also often needed. For 
example, it does not follow, as in the subjoined plan (fig. 268), 

Fig. 268, 


that the fissure a J, is posterior to another, ¢ d, and has shifted it 
at e, because the one line is continuous and the other not, since 





+ As rogards these subsequent faults, which have commonly an east and west 
Uirvotion, they are seen to have traversed deposits up to the chalk inclusive, A very 
considerable fault of the latter kind (are Shoots Gan 19 o€ he Gono! Survey of 


‘of an cast and west disturbance between the deposit of the coal measures and that of 
sha new rel canine carb ad of ancien pagel te i Seesth eal tina 
the 
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having northerly and southerly ranges. This plan is also useful 
in showing the range of the fissures, e, ¢, filled with the graniti 
matter (elvan) introduced after the production of the granitic 
masses, g (p. 565), and the coincidence in range of parts of the 
fissures, 2, 2, of the country, containing copper and tin ores, and 
subsequently formed, since they traverse these elvans in the ver- 
tical section downwards. 

With respect to sections in any planes, the horizontal, for ex- 
ample, in countries complicated by the occurrence of different 
rocks, variably situated as respects each other, or by fissures rang= 
ing differently and filled more or less with mineral substances of 
various kinds, even by mineral matter which has been raised in 
them in a molten state, some care is needed, so that an observer 
pe Prone: praceita the sees pean cliched eee! 
general solid rock broken, shifted, and, as it were, rubbed down to 
some given plane, Let, for illustration, the following section 
(fig. 271) represent one of such a district as that of Cornwall, a 6, 


Fig. 271. 





being the surface of the country, ¢ ¢, elvan dykes, and J, J, 2, lodes 
or mineral veins. Let this country be now dislocated in a plane 
perpendicular to the section, so that a’ 2’ on the one side be lifted 
vertically above a} on the other. It will be seen that, on the 
level a 5, though the amount of vertical elevation has been com- 
mon to all the lodes and elvans, these now occupy, on the surface 
a b, very different distances from each other, according to the 
portions of their various dips or underlies intersected on that sur- 
face after the movement mentioned. This will be still further 
illustrated by the subjoined plan (fig. 272), supposed to be taken 
on the level a 6, all above it, after the fault was effected, being 
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the mineral veins of the Charlestown, Pembroke, and Crinnis 
mines, St. Austell district, Cornwall, it will be seen that the granite 
boundary, 99. 98 well as the lodes 12, aro shifted by the fault or 
cross course ab; (the same circumstance attending the fault, ¢ d, 
though not shown on plan ;) while another, and subsequent fissure, 
ef, traverses the whole without shifting it. 

Fissures are often found to split at their ends after no very con- 
siderable course, when regarded in their horizontal range. Of 
mineral veins so divided at their extremities, when viewed hori- 
zontally, the following plan (fig. 274) of the Wheal Fortune range 


Fig. 274. 





of mines, Breague district, Cornwall, may be taken as a = 
ample. The main lode is there seen to be split on both the east 
and west after a range, as a marked fissure, for about a mile and a 
qnarter (the plan is on # scale of one inch to the mile). The lodes, 
m, are those of Wheal Friendship mine, and, if prolonged, would 
also fall into the main vein of the Wheal Fortune mines, These 
various lodes traverse elvan dykes, ¢, ¢, or courses, as they are 
termed in Cornwall, and are cut by faults or cross courses, d, d, 
subsequently produced. It should be remarked, with reference to 
beds or other arrangements of rocks of variable toughness, tra- 
versed by fissures, that occasionally some care is needed not to be 
misled by minor appearances, for the fissures taking lines of least, 
resistance may so run against or along harder beds, or dykes of 
mineral matter, as to lead to false impressions. Thus, in an- 
nexed section or plan (it is immaterial which it may be considered), 
a fissure being opened from d towards ¢, and encountering an elyan 





use of ruch sections, explanations of apparently complicated phenomens way be 
herein 


afforded, it becomes not only to have the sections ond 
portional in all their details, cal gre en heared 
that found among Tf anol ill plat: certes plan 


bSlcaetstyral po cimarprocierobi nei casita ie ong . 
nature, to be denuded down to some common levels 3 
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As to the smoothing off of countries traversed by faults, these 
often considemble, so many regions present evidence of it that 
rikubly tds aseptic tsb bance get a Pane 
offering scarcely any bending or contortion, which are not more or 
Jess cracked and broken in some form. It has been seen (p. 425) 
that in the earthquakes of the present day fissures are frequent, 
and there is every reason to suppose that such have occurred at 
all geological times. Whether fiults arise from minor adjustments 
of the earth’s crust, (the bending, contortion, and squeezing of 
various accumulations being regarded as more considerable con- 
parents of shes off pienat np ieee coat aa 
the greater plications and flexures, they show a broken and dislo- 
cated condition of that crust which it requires the geologist most 
carefully to bear in mind, when endeavouring to trace the facts he 
may observe in connexion with deposits, and their subsequent 
movements, to their sources. 

Aa illustrative of the modes of occurrence of fissures and faults 
in mining districts, which usually afford, as above remarked, such 
good opportunities for their study, the following plans may be 
found useful, The first plan (fig, 277) represents a general view 


Pig. 277. 





of the fissures, whether coming under the heads of mineral yeins 
or ordinary fissures and faults, in Cornwall, Devon, and West 

Bocoersek On the east, there is a tendency of nearly north and 

south faults to traverse others running east and west, while, on the 

west, fissures usually ranging about N.N.W. and 8.8.E,, cross 

thers which take a gouree from W.S.W. to ENE, arfiom ESE. 

to W.N.W. Te walle otserred NE Sees 

u 
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east of the plan). Taking these last in connexion with the north 
and south faults of the Mendip Hill district, near at hand eastward 
(fig. 167, OS ee eee 
general directions, north and south, at two distinct periods in this 
part of south-western England, one anterior to the deposit of the 
new red sandstone, and posterior to the flexures and plications of 
the coal measures, and the other after the deposit and consolidation 
of the chalk. The movements of different dates in cast and west 
directions have already been noticed (p. 653).* 

The filling lan (29) of of Ghee 


Fig. 279, 


AKA GAN 





numerous parallel fractures traversing both mountain or carboni- 
ferous limestone and coal measures near Swansea; the working of 
the coal measures affording the needful evidence of many fiults 
which are not a Beare a 


‘rogarde the range 
ia. en a at i ena as 

thet direction near Bridport and Weymouth (see Maps of the Geological 

strvey Sha 1 yr en cr a ry HW, 

traversing & beds up to the chalk inclusive; in the latter case, 
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geological dislocation produced by one at f f, the distance 6 d, ex- 
tending vertically from the plane of the same bed @ (supposed hori- 
zontal) on the one side, and ¢ on the other, has to be ascertained. 

In some districts faults are observed so to have occurred that 
several portions of country have been dropped down in one direc- 
tion, prolonging the surface appearance of some rocks beyond that 
which would otherwise have happened after the various denudations 
to which they might have been exposed ; portions being thus pre~ 
served which would otherwise have been sweptaway. The following 
section (fig. 282) may be taken in illustration of this subject, as 





Sr fi Ooh Ses t 
apf the verdaal sudo of cosumonnesat tae nae same ears 
(aa, north-east corner of the plan, fig. 276), previously noticed. 
The deposits dislocated are lias a, and new red marl and sand- 
stone, 6 ; and it will be seen that parts of the lias have been preserved 
from rere beng. as it were, Ssorped, dorms Us. ia 
Paks Soil, to other), into five sheltered depressions, 
Abbdes each other in a southward direction. In this manner, 
valuable coal,in some coal districts, has been preserved from that 
removal by geological causes which it would otherwise have 
suffered. The amount of accumulations thus or the 
reverse, by systems of faults, is a subject which engage the 
attention of the geologist as one of importance in investigations 
of this kind, The amount of various rocks so circumstanced is 
often very considerable. 

As might be expected, lines of faults frequently exhibit minor 
complication and even disturbance, showing a certain amount of 
lateral pressure during the adjustment of their sides after the action 
of the force producing the original fracture. ‘The following section, 
easily seen,* of a fault on the coast of Glamorganshire, west of 








** Respecting illustrations of the various geo! ‘enomens noticed, the Author 
brodrere he igh Ipod steht oh Sie oe ovalities as may be 
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FILLING OF FISSURES AND OTHER CAVITIES WITH MINERAL, MATTER— 
SULPHURETS OF LEAD, COPPER, ETC., REPLACING SHELLS.—FILLING OF 
MINOR FISSURES.—SOLUMLITY AND DEPOSIT OF MINERAL MATTER IN 
FISSURES, — SOLUBILITY OF SULPHATE OF BARYTA.— DEPOSITS FROM 
SOLUTIONS IN FISSURES.—EFFECTS PRODUCED IN HEATED FISSURES BK- 
NEATH SKAS.—MANY SIMILAR SUNSTANCES FOUND IN MINERAL SPRINGS 
AND VEINS,—FREQUENT OCCURRENCE OF SULIHUN, ARSENIC, ETC, WITH 
CERTAIN METALS IN MINERAL VEINS.—ACTION AND REACTION OF SUB= 
STANCES UPON EACH OTHER IN FISSURES AND CAVITIS.—CHARACTER 
OF METALLIPEROUS VEINS AMID ASSOCIATED DISSIMILAR ROCKS.—CON- 
DITION OF MINERAL VEINS TRAVERSING ELVAN DYKES IN CORNWALL.— 
INFLUENCE OF THE DIFFERENT ROCKS TRAVERSED ON THE MINERAL 
CONTENTS OF FISSURES.—MODE OF OCCURRENCE OF LEAD ORES AMID THE 
LIMNSTONES AND IGNEOUS ROCKS OF DERBYSHIRE —* FLATS’ OF LEAD ORE 
IN LIMESTONE DISTRICTS.— METALLIFEROUS DEPOSETS IN THE JOINTS OF 
ROCKS,—RELATIVE DIFFERENT DATES OF MINERAL VEINS, 


Tue filling of fissures and other cavities with mineral matter 
may, to a certain extent, be considered as in part connected with 
the changes and modifications of rocks above mentioned ; since from 
the filling of minor cavities and fissures, such as occur in or 
traverse small portions of an accumulation, whether of igneous 
or aqueous origin, much change or modification may arise in the 
containing rocks. The filling of cavities, such as those previously 
noticed in vesicular lava and molten matter of all times, 
converting a highly porous and often originally light substance into 
a very solid rock, effects a marked change of structure. ‘The infil- 
trations of the mineral substances into the cavities, in these cases, 
become important in the consideration of those which have filled 
various fissures and dislocations, us well as cavities of fix greater 
size, since they seem to point to the solution of some substances, or 
of the clementary matter composing thei, and to the power of 
such eolutions to traverse the pores of rocks, even of those which 
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might be expected also, occupies the cavities left by shells, of 
which the chaleedonic replacements of the various shells of the 
jproebansit tlarat aie aed Devon and Somerset, are beautiful 
examples. Even the carbonate of lime of many fossil molluse shells 
does not always appear to be that of the original, but to have been 
infiltrated into cavities left upon the disappearance of the matter of 
the actual shell, the particles of the carbonate of lime not being 
adjusted in the manner they usually are in shells of the same class 
by living animals, but as they would be upon simple infiltration 
and crystallization in any cavity. Again, in the crystals of 
decomposed in the body of a rock, the original substance of the 
crystals removed, and replaced by peroxide of tin, even part of the 
original felspar crystal sometimes remaining, while the rest of its 
form is replaced by the peroxide of tin, as in an elvan at St. Agnes, 
Cornwall, the observer has another example of the inflow of 
mineral matter in solution into cavities and through the pores 
of the rock in which such cavities may be situated. In fact, 
looking at the subject generally, the various cavities in the rocks 
composing the crust of the earth, have a tendency to be filled by 
mineral matter, the component parts of which find their way to 
them in solution. 

Passing from these cavities to those produced by cracks, these of 
minor size, and confined either to one, two, or some small number, 
of beds of sedimentary deposits, or some very limited volume of an 
igneous accumulation, it would be expected that, as a whole, the 
matter infiltrated into euch cracks would chiefly partake of the 
mineral character of the rocks 90 broken, so that the substances 
principally filling the cracks in limestones would be calcareous, 
while those amid siliccous rocks would be quartzose, as is usually 
the fact. From the prevalence, however, of particular conditions, 
quartz veins are occasionally found in limestones, and calcareous 
matter among the siliceous rocks. This usually occurs when the 


calcareous deposits predominate among those of other kinds ; 
for example, is the case with the igneous rocks of i 
where the vesicles and minor veins of the latter are often filled 
with caleareous spar.” 





* The filling of cavities and small fissures in igneous rocks by carbonate of lime Is 
not unfrequent, even when eal-areous rocks do ot conaitte any any very lange propor 
rene pet ersten: a} ‘Trocarrell Bridge, between 
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have to bear in mind the solubility or deposit of the matter generally 
in the liquid, permitting some of it to remain in solution while 
other parts were deposited, coating the walls of the fissures. 

The observer will thus have to consider the probability of certain 
of the fissures extending to depths where the temperature may 
become very elevated, even to those depths where water, notwith- 
standing the great pressure, might be converted into steam, and 
numerous substances be vaporized, ‘There is much to be accom= 
plished with respect to our knowledge of the effects which would 
be produced under the conditions supposed. We may expect 
water to exist under pressure as such up to very high temperatures, 
and its power of dissolving various substances in that state to be so 
increased, that many viewed as insoluble ut those temperatures at 
which experiments have been undertaken would become readily 
soluble. 

The experiments of M. Gustav Bischoff on this subject are 
highly valuable, Impressed with the importance of the agency 
of steam in volcanic productions, and viewing the connexion of 
such agency and many substances found in mineral veins, he found 
that when galena (sulpburet of lead) was gently heated in a porce- 
lain or glass tube, and steam driven over it, that sulphuretted 
hydrogen and sulphurous acid were evolved, and the ore reduced, 
and that if the lead thus obtained were wetted with distilled water, 
it was covered by the carbonate of lead. He remarks that some 
substances not known to us as evaporating at any temperature, are 
carried off by steam, as, for example, silica. Artificial sulphuret 
of silver was found to be very readily decomposed by steam, and 
more easily so at a moderate heat. At a temperature under the 
melting point of zinc, this was soon effected, and the silver efflor- 
esced in such forms as to induce M. Gustav Bischoff to regard the 
moss-like and filamentous occurrence of native silver in veins as 
very probably the result of the decomposition of the 
With respect to sulphate of baryta, usually termed insoluble, and 
yet so frequent in the veins of some districts, and in a manner to 
leave little doubt that it has been deposited from a solution, he 
found, by experiment, that when heated water, containing car- 
bonate of soda or potash, came into contact with it (even when the 
temperature was not much elevated, and the water was only slightly 
charged with those substances), a partial decomposition took place, 
and that when the temperature was again lowered, @ readjustment 
was effected, nulphato of baryta being again peodocod andthe 
carbonic acid, with which it was previously united, returning to 
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Having considered the fissures with reference to waters dispersed 
amid rocks, and finding their way into them, as would happon 
when they rose to the surface of dry lind, or were opened out 
only to situations where they did not reach any considerable super- 
incumbent volumes of water, the geologist should direct his atten- 
tion to the conditions which would obtain when these fissures rose 
to the bottom of the sea, either wholly, or so that the sea waters 
could readily rush into the clefts formed partly through dry land 
and partly under the sea. Looking at the present distribution of 
Jand and sea on the surface of the earth, many long and important 
fissures would be expected to occur beneath the sea. Ifa 6, in the 
annexed section (fig. 285), be the level rier 
of the sea; @ ¢ und é d, depths of water ; - 
e ¢, rocks, such as argillaceous. slates, 
resting upon or raised up by granite, ff; 
and 4, a fissure traversing the whole, and 
opening to the sea water above, the latter 
would rush into the cleft or clefts at the ° 
prolongation of the fissure to the sea , 
bottom, descending as far as any tem- 
perature in tho cleft would permit. It + 
may be assumed, for illustration, that, 
whatever may have been the effects of 
the first communication between con- 
siderable depths and the surface of the 
bottom of the sea, a time would come 
when the sea water could enter the 
fissure, unless any outflow of waters 
reaching it from the rocks traversed 
cord prevent it. In certain situations, 
olegructing conditions of this kind might 
exist, the fissures answering the purpose 
of artesian wells tolarge tracts of country. 
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has pointed out, that the substances contained alike in them and 


in mineral veins, may be taken as 19, viz., potassium, sodium, 


and chlorine. The substances found in mineral waters and veins, 
and not hitherto noticed in volcanic emanations, he notices a 
BOR bees aS ee ee 


When the observer thus directs his attention to the consequences 
which may arise from the production of fissures, extending to por- 
tions of the earth where high temperature may be inferred, he 
should bear in mind that, of the substances occupying the interior 
of the earth, beyond such slight depths as the reasoning respecting 
the thicknesses of various rock deposits renders probable, 
ig known, except that their density, as a whole, must be much 
greater than that of the rocks at the surface, since, according to 
Laplace, the mean density of the earth is 1°55, while that of its 
solid surface is only 1. The substances chiefly forming the solid 
surface of the earth are oxides, those which are not of that cha+ 
racter are very limited ; and it is not a little interesting to find the 
latter, to a great extent, in the fissures under consideration, or so 
disposed as readily to have entered the cavities of deposits after 
their accumulation, there forming combinations other than oxides. 
As respects the frequent occurrence of certain of the metals with 
sulphur, areonic, and other substances, which have been termed, 
with reference to their presence in veina, mincralizers, such 
frequent combinations, under conditions that may often be inferred 
as those which governed their original deposit in mineral veins, 

sotions having effected subsequent modifications and 
changes, are highly interesting. _M. Elie de Beaumont has remarked, 
when treating of an initial volatilization of the metallic substances 
found in veins, that this hypothesis agrees with the fact that the 
metals, properly so called, are found pepe Ba frequently 
combined with oxygen than with sulphur, selenium, Beggs 
phorus, antimony, tellurium, iodine, and 

« These substances,” Se clearen "are ov style eee 
‘as well as bismuth, which often accompanies them, but they have 
likewise the property of rendering of those with which they 
combine also volatile. It is difficult to believe, that this property 
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contents of fissures and cavities.* os lade, Bom oe 
riments, “that to obtain an insoluble crystallized substance by 
electro-chemical reactions, it is sufficient to make it combine with 


In 1830, Mr. Robert Were Fox commenced a series of ¢xperi- 
ments in the mines of Cornwall, to ascertain the 


more ut length, chiefly referring to the veins in Cornwall,§ observ- 
ing, with respect to the present condition of mineral veins, that he 
found, “by an examination of water taken from diflerent mines, 
and from various parts of the same mine, that different varieties of 
saline solutions now exist in neighbouring strata.” In many 
instances the proportion of foreign matter in the water was very 
small, whilst in others it was very considerable ; * but I have not,” 
he adds, * yet tried any mine-water, that would not produce very 
decided electrical action, when the native sulphuret of copper, or 
of copper and iron (copper pyrites) were plunged into it, and the 
voltaic cireuit was completed. The very superior 

power of the saline water in the fissures, in relation to the merely 
moistened rocks, would always tend to supersede the transfer of 
electricity more or less through the latter. ‘The contact of large 





volialo elreutt ; an sib a hes Sek a lees gS 
hormotically sealed, so that they formed voltaic circuits ia the tube itaelf, the sub: 
‘tances aeting upon each other, 

* M. Bocquorel remarks, after desoribing some mubstanoesobtitned by Ble expert 
moat, “ that all tho chemical actions which Lead to these compounds could only have 
arlaen from oertan electrical influences possessing Nitle energy; for if we operate 
wish eppecas Dinastianet whieh i (co sire CORRES ‘are isolated, and no 
combination is 

+ Traité de I'Bloctricité, t.Jil., p. 298, It is remarked, respecting truncations of 
he crystals of certain double chlorides obshlaed ia some of 08 papers my be 
the beginning, the erystals are perfootly formed ; “but that wi 

been in action for « long timo, truncations of the in th ral red 
whence it seems to follow, that when the particles of the crystallizing substance 

leas abundant, the fore whioh dotermines the regular regia: coving ¢Geeneas pone 
valicint energy ta complete the crystal.” 


§ imran om Migr Via Report of the Royal Polyteshnle Suelety of 
Comwall for 1836 ; Falmouth, 123 rs 
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long engaged the attention of miners,and in some mining countries, 
much importance has been attached to its practical bearings. Tn 
the sume countries also long experience has shown the miner that 
the ores he seeks are more likely to be discovered amid or against 
certain rocks than others, though the fissures in which they are 
found traverse several different kinds or modifications of rocks, It 
is very desirable that an observer should collect all facts of this 
kind, however ill-arranged they may sometimes be by those from 
whom he may derive them, and however needful their proper 
classification, from personal research, subsequently, At the contact 
of certain granites with other, and for the most part, sedimentary 
rocks, and especially where there may have been some modification 
or alteration of the latter from the intrusion of the former, fissures 
traversing them are often found productive of the ores of the useful 
metals, sufficiently abundant to be worked, provided the districts 
generally are metalliferous, In other words, such conditions, in a 
metalliferous district, are not uncommonly those under which the 
ores are the most abundant. In the mining districts of Cornwall 
and Devon the fissures through the junctions, or the vicinity of the 
junctions of the granite and schistose rocks, in those localities 
which may be termed metalliferous,+ have been found to produce 
much ore, often not in the least quantity when they also traverse 
dykes, or channels as they are locally termed, of the porphyries 
and granitic rocks known as evans (p. 505). Those irregular 
accumulations of ore usually termed dunches are often found at the 
junction of granite and the schistose rocks, In illustration also of 
the occurrence of similar accumulations of either tin or copper ores, 
in the same mining country, when a fissure traversing schistose and 





* ‘This somewhat common association of igneous rocks has alto long tince engaged. 
the atiention of geologisia. Professor Necker adduced abundant evidence on this 
head In 1882 and 1X4 (Proceedings of the Geological Society of Losdon, March, 
1882, vol. 1, p. 392, ond Jameson's Edinburgh Philosophical Journal, 1838), Hie 
thence inferred the filling of metailiferous veins by means of sublimation, 

‘The observer will find the connexion of igneous rocks and mineral veins treated 
LA pen ng earmig ir ansmeypey rm semen 23 
bis Note sur les Kmanations Volcaniques ¢t Metalliferes—Bulletin de is 
Géologique de France, 1817, Ande vorie, tiv. En 

+t Inillustration of the different distribution of chiefly metalliferous districts into 
which some areas, not unproductive of the useful motals, sre sometimes 
divided, it may be useful to mention, that Cornwall and Western Devon may be 
separaicd into tix chief metalliferous districts. 1, That of Tavistock 
Dartmoor, and the minivg country of Callington end Linkinghorno); 2 that 
St, Austell (including the granitic mass of Hensbarrow, and ite schletore skirts) ) 
A, the St. Agnes district; 4, that of Gwennap, Redruth, and Camborne; 5, that of 
Breague, Maraziov, and Gwincar; and 6, the district of St. Just and St. Ives, com- 
prising the granitic country between these two places. 
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to be so profitably worked as previously. If elvans have been 
divided into joints, as often seems to have been the ease, before the 
formation of the fissure traversing it and the adjoining rocks, it 
would probably happen that upon passing through them from these 
adjoining and less divided rocks, such joints would be the courses 
through which the force producing the general fissure would act, 
multiplying the parts of the general fracture in the elvan, so that 
when filled subsequently by mineral matter, the vein should 

split up into strings where the elvan occurred. If, ag in the an- 
nexed section (fig. 287), a country composed of slate, a 5, be 

Fig, 287. 





ps 

traversed by an elvan dyke, ¢ d, having a jointed structure, and 
fracture, ef, be made across the whole, it would be ex 
that where the fissure was effected across the jointed elvan dyke, 
the solide formed in the latter by the joints would be much dis- 
located, so that when the complicated fracture was subsequently 
filled by mineral matter, viewing such contents and their course 
alone, as is commonly the ‘custom in mining countries, the vein 
would be considered as split into strings at ig. 

The mineralogical modification of the various rocks in metal- 
liferous districts, very commonly bearing the same names, is also a 
subject of no slight anxiety on the part of the miner, since, from 
experience in such districts, he finds that when it presents certain 
characters his chances of success as to the occurrence of the ores he 
seeks, are considerably increased, Thus, in Cornwall or Devon, 
he usually prefers a granite or elvan which is, to a certain extent, 
decomposed, The particular character of the various kinds of the 
schistose rocks and the harder beds associated with them, is also 
carefully noted, and from experience, some kinds, when forming 
the walls of the fissures, are known to carry more ore than the 
others, while some again are regarded as unfavourable.* In dis- 


ae bars sineriare satel (escrk at is CRIES? SEED OR 


prefer those argillaceous 
beds which the red or varlogated slates of the district, and which have 
fing grain anda Hluo-grey colour. “Rerpeoting the value of tha red beds thamecives, 
opinions somewhat differ. Me, Carne states, that when the copper lodes in Gwennap 








largest are found 

Monin goes “iS oy 

Ermuwacke. The veins of Kongsberg, Norway, are sterile: 
‘ery rodaetive in bade known by the name name of 

the reins which pats from argillaceous slate into flinty slate 

latter rock, 

M. Fournot gives, from the tnformation of M, Volts, the 
example of the contents of a minerul vein varying according | 
rocks ou its sides :—The Wensal vein at Heyer i See 
to8,, seross many beds of gneiss, wbout 60 feet ay 
‘bods forms a distinet variety of rock. The first is very mi 
Into argillaceous slate ; the third is horblendic, 

im the fourth, The vein is shifted in the depth fo the 
courses ; and it was between wo of these cross courses, dist 

$i et sta oe ih er ths eae 
irat bed of gneiss the vein merely an 

the second Wf ouddenly acquired a thickness pry bereinsrs: 
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rocks forming its walls, In Derbyshire, for example, where the same 
fissure not only passes through the mountain limestone, often with 
its associated igneous rocks (p. 558), but also across the surround- 
ing, and higher accumulations of shales and sandstones, the lead 
ore, sulphuret of lead (that chiefly found in the Derbyshire veins), 
keeps generally, though not altogether to the limestone series, and 
appears most prevalent in the upper part of it. ie eo 
rocks, commonly compounds of felspar and hornblende, sometimes 

dense and hard, at others originally vesicular, though the vesicles 
may be now filled by infiltrated matter, are considered unfavourable 
for these ores of lead, Indeed, at, one time, the opinion of the 
Derbyshire miners was, that the vein did not traverse the toad- 
stones (p. 559), or blackatones, a8 these igneous rocks are 
termed, so unproductive are they.* lea is now, however, 
known that the veins, the true fissures, those locally termed rakes, 
pass through these rocks as well as the limestones, the ores bei 
commonly absent where these igneous rocks constitute the walls of 
the vein, its contents in those situations being composed of other 
mineral substances,t Among the limestone beds themselyes, some 
are considered more favourable, a8 walls to wt she ee 
and certain of them, in which much carbonate of 

are disliked and looked upon as somewhat unfavourable, "Thou 
the veins are known to be often continued into certain shales, not 
unfrequently black and containing much carbonaceous matter, above 
the limestones, and though these shales have occasionally borne, a8 
the term is, « fair amount of ores, looking at the district generally, 
this is the exception, and it isa still greater exception when the 
sandstones surmounting these shales contain any appreciable amount 


* With reference to this rock, which appears to be chiefly a compound of 
and horablende, with oxide of iron, and thus unfavourable generally as the wall of 
fissures for the lead ore in Derbyshire, it may not be out of place to remark that the 
greenstone of Devon and Cornwall, commonly of much the sume composition, may be 
Conkle ag a whole, unfavourable to the ores of tin, copper, and lead, ‘The mode 
of ccourrence of these greanstouer, as to proximity to granite, intermixture with — 


Mirections and Thongs ook 
minos at St, Just might be considered more apparent thar 
Sbundant ores rarely belng detected Is contin cis ep 
tho bods near St, Just, often appears to occupy more of the mass of 

than is really the fact, 

+ 1 the canes wire bs Sit cpt Ot ae ae eee ae 
the ‘oudivones, it has usually happened that the vein traverming the limestones above 
ox bane, somata bath torte boliaeas bn gs Nestohea ae ceeEE 
abundance of the ore found its way amid the toadatone, the effets due fo the lita- 
stone being sufliciently powerful for the purpose. . 






















few years since considerable quantities w 
of lead encrusted, as well overhead as 
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limestone series of Dexbyakirs, and 8 Seoae bed of toaidatone, 
formed after the beds of limestone a’, and prior to the deposit of 
those at a, and i, #, m be fissures traversing all the rocks; A, h, A, A, 
being ordinary joints in the limestone which do not traverse the 
toadstone ; p, p, irregular cavities in the limestone, and ff, the 
common interstices between the beds, enlarged by the removal of 
parts of the adjacent limestone in the usual manner ; then a variety of 
spaces, differently communicating with each other, may be all filled 
with mineral matter contemporaneously derived from the same 
supply, and be all known by different terms among the miners. 
The fissures g 7, d k, and em, would be the channels (rakes) 
through which the various mineral substances introduced from 
beneath could pass into the irregular cavities p p (pipes), the 
enlarged spaces between the beds f, f (flat work), and into the 
joints h, h, h, h (skrins); all these varieties of open spaces occa- 
sionally intermingled, according as they locally occurred. The 
main fissures would be considered as passing through all the rocks, 
while the joints, or at least a large proportion of them, might 
terminate at the toadstone.* 

Of the occurrence of the ores of lead in spaces between beds 
which were open when they and the other contents of such cavities 
were accumulated, that at Fawnog, two miles west from Mold, 
Flintshire, may be selected as an aarp From the 
information of Mr. Warington Smyth, it 9j that after some 
unprofitable search for lead in w wor! between the car- 
boniferous limestone and its covering of the arenaceous rocks known 


* The jotnt fissures through the toadstone appear to eg eee 
‘with those in the limestone, Although to render the complicated mode of 


“88), i should 
be stated that in some parts of Derbyshire, and independently of the the frac 
tures, when ® main dislocation was eflocted, seem to have been more: See 
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and W, 10° 8. Se enaebed eee 
perceptible towards the joints, and in them are found quartz, mica, 
state of i esos peop pn peyton 
iron), tin pyri tin and copper) 

occasionally other minerals. These are but mineral veins of a 
particular kind, and on the small seale, As to the peroxide of tin, 
it is one of the common ores in the fissure veins of the vicinity ; 
and as to wolfram, more of it ‘ies the tin ores in certain 
Petts of areal fn coevvesiec te tha-aeae . Quarta is the 
most abundant mineral in the open spaces, sometimes crystallized, 
at others filling the joint wholly to its sides, Where Seve iat 
_ traverse the granite veins, and the adjoining (altered) schistose 

rocks, they sometimes also present interesting examples of differ~ 
ences in their contents, according to the kind of rock forming their 
walls. The subjoined plan (fig. 289) is one of part of St. Michael's 


Fig, 280, 











Mount (N.E. side), wherein the granite veins, a, a, a, are seen to 
traverse the altered slate rocks (which are shaded), a small 
included portion of the latter being seen in the largest granite vein 
atc, A joint 4,6, traverses both the granite veins and the schistose 
rock, and dd is a parallel joint less wide, The latter is filled 
with mica where it crosses the slate, but contains also quartz, and 
is even occasionally altogether cemented together by that mineral 
where it traverses the granite veing. 





* The variety of tin pyrites which we thence obtained also contained zinc. ‘The 

Sollpwieg faecal yale of spe Cs tae eee eet 
Copper. sss 8°88 a 
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been conditions under which minerals, chiefly found in 
taking given directions, were accumulated more in some 
the same fissure than in others, The mining districts of Devon 
and Cornwall* may be studied with advantage in this respect, 
though similar facts are well known in other mining countries in 
different parts of the world. 

Referring back to one of those districts (fig. 216, p. 566), it is 
chiefly in the fissures, v, v, v, having an easterly and westerl 
direction, that the tin and copper ores are obtained in 
abundance, while these ranging northerly and southerly, d, d, d, 
often contain the ores of lead, iron, and some others, There are 
exceptions, but, as a whole, this distribution of ores ix somewhat 
marked, Upon cureful investigation it has been found that the 
north and south dislocations have been formed subsequently to 
those having an easterly and westerly direction, the proof being 
(p. 654), that the contents of the latter have been broken through, 
as well as the rocks forming their walls, and that new matter has 
been accumulated in the new fissures, The observer has, therefore, 
in such cases, not only to bear in mind the direction of the fissures, 
but also the difference in time when each of the two sets may have 
been produced, so that if at one time the conditions for the forma~ 
tion of the ores of tin and eoppor prevailed, and those of other ores 
at another, the opportunities for the production of various ores in 





Veins, the Quantities of Water in the Carnish Mines, and Mining Statistics, forming, 
Tol. ¥. of the * Trapmations ‘of tho Hoyal Geological Society of Coruwall,” 
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as worth raising at that time,* Some of these eases would not 
appear, as will be hereafter seen, to justify the view that the tin 
ores occurred to the exclusion of those of copper, but they never- 
theless seem to show that tin ores were present in the higher parts 
of these lodes, and were scarce, if not absolutely absent, beneath.t 
Points of this kind in connexion with other ores are also well 
known, and require similar attention, as, for instance, the frequent 
presence of copper pyrites on the backs of many of the lead veins 
in Cardiganshire (Goginan, Cwm Sebon, and others). In veins of 
mixed ores of different metals, where some of each are found 
disseminated through them, the relative abundance of the ores is 
sometimes found most materially modified at different depths, and 
this occasionally even to a certain extent irrespective of the kinds 
of rock forming the walls of the veins, though this influence 
requires always to be steadily borne in mind. ‘Thus with some 
ores of zine, lead, and copper, as, for example, in the well-known 
Ecton mine, Staffordshire, the sulphuret of zinc was found most 
abundant in the depth, the sulphuret of copper occupied a central 
position, and sulphuret of lead was found in the higher parts. In 
the Spital vein at Schemnitz, according to Mr, Warington Smyth, 
where the sulphurets of silver and lead are raised, though the 
latter is argentiferous beneath, the ores towards the higher portions 
of the vein are chiefly sulphurets and other ores of silver, in which 
either lead is scarce or absent, 

In this kind of investigation it is very requisite that attention 
should be directed, not only to the kinds of rock which may be ] 
traversed by the veins, as above noticed, but also to the decompo- 

sition and changes which may have taken place in a fissure, or | 
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frequent between them, as well as in situations where it may 
readily have happened that a solution of sulphate of copper, derived 
from decomposed copper pyrites above, could find its way. He 
may often, moreover, see the metallic copper in chinks and other 
situations, reminding him of the deposit of copper by the electrotype 
process from solutions of the same kind. He thus has to consider 
the vein and its walls with reference to their electrical conditions. 
If metallic copper were thrown down in fitting situations, he 
would probably have no difficulty in inferring that the oxides 
resulted from the action of the oxygen contained in the surfice 
waters, as part of the common air disseminated in them, and that 
the carbonates were formed by the subsequent action of carbonic 
acid also contained in the same waters.* Bearing in mind the 
mode of oecurrenee of the mixed ores of tin and copper of Cornwall, 
and that some of the mines were formerly worked for tin, with a 
prevalence of copper ore beneath, it may readily have happened 
that the stanniferous parts of such veins may once have been more 
rich in copper pyrites, and that the latter had been removed, in 
the manner above mentioned, and the tin chiefly left in the gossan, 
80 as to render it principally stanniferous, 

and alterations of a similar kind are, as might be ex~ 
pected, found at the higher parts of veins containing other metals, 
especially of those the ores of which seem more or less easily acted 
upon by atmospheric influences, Thus on the backs of veins con- 
taining sulphuret of lead, the carbonates of that metal may be often 
found. M. Hausman has suggested that the change has been 
effected by the conversion of the sulphur of the sulphuret of lead 
into sulphuric acid, which, combining with ealeareous matter, set 
free carbonic acid, that, in its turn, combined with the lead, 
forming the carbonate. In those cases where the veins of sul- 
phuret of lead are found amid limestone, and the carbonates in 





* The condition of many #mall Roman copper coins found a fow years 
Aberystwyth, Cardiganshire, tustrated these changes with more than the usual 
evidence, though the common patina or ergo upon ancient copper coins also shows 
the mame thing, ‘The pat in which che coins were buried was found not far from 
surface, and the coins themselves had been expored to the action of 


offected as to present the usual mammillated character sections of it 
showing the common variations in colour ef that mineral. Illustrative specimens of 
these coins are now in the collections of the Muneum of Practical Many 


most of those discovered at Nineveh, well illustrate the changes of the copper in 
teen ioe ie merece ete St 
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brought in solution, like bicarbonate of lime into limestone caves, 
and deposited in the workings of the mine.* 

Independently of these modifications and changes in the higher 
portions of mineral veins, there are others to be found occasionally 
in all parts of them, showing that the substances thrown down in 
them, or against the walls of the fiseures have been again removed, 
their places either vacant, or replaced by other substances filling 
the cavities which were thus left. A large proportion of the pseu- 
domorphous crystals of different minerals has been thus produced— 
at least those of them which have, as it were, filled moulds pre- 
pared for them in a vein, by the removal of some first-formed 
substances, coated by others prior to such removal. Of this kind 
of change the observer may often study examples in the fissures 
and cavities of mining districts, as also in the half-decomposition 
and partial removal of various mineril bodies, Vein quarts is 
sometimes found as if it had been partially attacked by solvents 
and left in a highly-porous state, evidently from a loss of a portion 
of its substance, and not from the removal of more soluble sub- 
stances which may have been once included in it, a circumstance 
to be carefully investigated, since the latter hus sometimes been 
clearly the case. 

In some veins the changes of conditions for the deposit and 
removal of mineral matter are highly interesting. Some cireum- 
stances observed in the Virtuous Lady Mine, near Tavistock, 
Devon, a few years since, may serve to illustrate these changes, 
The fissure in which this vein occurred was very irregular, and 
sometimes the ‘cavity between the walls extended to many foct, 
Upon the walls there had been first deposited, (1).a mixture of 
quartz and copper pyrites, the latter often crystallized, the original 
tetrahedrons so elongated as to form rough prisms with pyramidal 
summits; (2) upon these, eubie erystals, often of considerable size, 
were accumulated, and were probably of fluor spar (fluoride of 
calcium); (3) an incrustation of carbonate of iron then completely 
covered the whole ; and, (4) the substance forming the cubes being 
dissolved and removed, and so as not to injure the carbonate of 
iron, (5) cavities were left in which silica and the sulphuret of 





* ‘The composition of calamine is very variable. According to the analyses of 
M. Berthier. the earbunate of zine varies in ila ores frum 30 to 90 por cent.; the other 
substances in the ore being carbonates of iron, manganese, lead, and lime, It often 
Sppearans-If de carhosste.of stow bedi bees dopeiinl Soe slbaleny ae oe me 
With other substances Uirown down af the same time, these commonly carbonates, the 
whole not wufrequently deposited in voits atid Lmestones. 
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the manner in which the substances have been 
arranged in the fissures, or other cavities, after the action regulat- 
ing the deposit of certain bodies aguinst their walls, more 
some rocks than others, and the direction of the fissures ves 
are considered ; the most simple mode of occurrence presented is 
that where a single substance may be found in them. This snb- 
stance may cither have been derived from the adjoining rocks, by 
solutions formed in and percolating through them, such as is shown 
by quartz veins amid siliceous rocks, and calcareous veins among 
limestones, or be derived, such as the peroxide of tin, the sulphu- 
rets of lead, copper, and antimony, and other ores from other 
sources, strings even of metallic silver and larger breadths of 
metallic copper presenting themselves. In the first case it may be 
apparent from successive coatings of crystals, each pointing in- 
wards, and from both sides of the fissure, that the filling has been 
a work of time, during which the conditions only for the deposit 
of the single substance prevailed in the part of the fissure seen. 
The following section (fig. 291) will illustrate these successive 


Fig, 291. 





deposits, a 6 being a line of fissure, cutting through any class of 
rocks, dd ; successive coatings of a single substance, ¢ ce ¢, filling 
it up towards the centre, where, for still further illustration, occa- 
sional cavities may be supposed to remain. The probability of the 
single substance so found being more or less directly or indirectly 
derived from the rocks traversed, will have to be weighed with 


assisting the geologist in the relative dates for the filling of flwures with ores inn 
district, For example, at the Hook Point, county Wexford, and also nearer the town. 





of Ireland. In certain mining districts solutions of sulphate of copper are sufficiently 
strong to produce marked effects among any onlinary deposits to which ould 
flow unintorruptedly for a long lapse of time. ‘Tho eupriferons slates of 

are well-known examples of dotrital accumulations containing disseminated 
usually copper pyrites, profitably worked. And here again organic matter ix 
mingled with the ore, reminding us of the mode of occurrence of certain iron pyrites, 
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oor 
fissures,—as well the ores of lead, copper, tin, and the useful 
metals generally, as others. Where the fmgments are those of 
rocks, which may be easily removed by decomposition from the 
action of solutions or gaseous matter in the veins, as for example, 
those of limestone by carbonic acid in water, cavities are then left, 
into which other substances, those found in other parts of the vein, 
may be introduced, in the same manner as the cavities left by the 
crystals above noticed have been filled by any other substances 
introduced into them.* 

The coatings of different kinds of mineral matter on the sides 
of fissures, as if from successive deposits of dissimilar substances 
from solutions in them, seem to have been first clearly pointed 
out by Werner, in 1791.¢ Among the examples adduced, he 
particularly noticed the vein at Segen-Gottes, Gersdorf, ** which, 
reckoning from the middle (composed of two layers of culew 
reous spar, in which small druses here and there occur), thirteen 
beds of different minerals are arranged in the same order on each 
side of the vein, these are fluor spar, heavy spar, galena, &c. In 
the southern vein, Gregorius, the two layers which adhere to the 
sides of the vein are composed of crystallized quartz; next to these, 
on each side, is'a laycr of sulphuret of zino, mixed with sulphuret 
of iron; this is followed by sulphuret of lead, carbonate of iron, 
sulphuret of lead, carbonate of silver, red silver ore, and eulphuret 
of silver, The central part, which, of course, is most recently 
formed, is of calcareous spar.” t 

That this regularity should always be found, even in a fissure 
which has probably remained in its first state, a8 regards any subse- 
quent movement of sides, could searcely be expected, more especially 
in cases where the walls opposite to each other may be formed of 
different rocks (when the fissure is a fault), or where, from any 
other cause, one side may have received deposits which the other 
did not. One main cause of difference often appears to arise from 





'* Lo the cases of fragmentary veins in limestone districts, interesting removals of 


the 
atmosphere, and the parts 40 removed were the peroxide of iron of the 
‘vein, 4o that tho piece of fossil Se ae ee ell ic eee Sarees ne 
original fragment, appeared in the snhdst of the vein of iron ore. 
+ © Thoory of Minoral Veins,” published at Freiberg, in 1701. 
T Thid, chap. iv., nee. 62, 


le 


alll 
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Binner Downs, Cornwall, the central deposit of quartz crystals, 
pointing inwards to ¢, is only one of four other similar arrange- 
ments of parts, 6, d,q, and 4. To effect this crystallization, the 
increase of the crystals having taken place inwards, five different 
openings, at different times, have been effected, so that the needful 
walls for the commencement of crystallization in each case could be 
afforded. Without additional evidence, such as the ings in 
other parts of the vein, or amid the adjoining rocks, might present, 
it would be difficult to determine which of these openings might 
have preceded the others, Commencing on the left, a, the section 
gives a layer of copper pyrites and sulphuret of zinc (blende) upon 
the wall of the lode in that direction ; to this succeeds quarts 
crystals pointing inwards, 6; indurated argillaccous matter, ¢, and 
another collection of quartz crystals pointing inwards at d; then a 
set of crystals, ¢, commencing on either side upon a layer of 
crystallized copper pyrites and zine blende, f f, first lining the 
opening in which this arrangement is seen, Still proceeding from 
left to right, quartz crystals have been deposited upon another 
cavity, leaving an open space at g (vug of Cornish miners), these 
succeeded by layers of quartz crystals, pointing inwards at /, resting 
agninst the wall of the vein in that direction, Examples of this 
kind, with considerable modifications, could be readily multiplied 
tow great extent, 

With reference to the occurrence of lines of different substances, 
when they do not resemble cach other on both sides of a vein, 
though it may be suspected that there has been more than one 
movement in the fizsare containing them, after its first production, 
the evidence is often byno means so clear, As, for example, in the 
subjoined section (fig. 293) of part of a lode at Godolphin Bridge, 
mei 








aebe a 
Cornwall, where a represents a layer of quartz resting against the 
wall of the vein in that direction, 6 quarts crystals pointing inwards, 
and based on agutiform bands of silica on either side,¢ ¢, and i is a 
thick layer of copper pyrites, mingled with some quarts, At é 
there appears decisive evidence that when the silica there found 
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the sides have often been effiscted, the striation corresponding with 
the direction of the movement ; evidence of importance when that 
direction may not be clearly seen by the bedding or other mode of 
occurrence of the rocks fractured. In fissures where there has 
been more than one yaothe anton Gebapeomsaer ee SE) 
when the evidence of crystallization having taken at separate 
times in different cavities being absent, the contents of the veing 
themselves exhibit this striation and polish in given directions.* 
Inillustration of movements not marked by considerable dislocations, 
yet where successive new apertures or cavities have been formed, 
filled either in the manner aboye noticed, crystallization towards 
the interior spaces affording evidence on this head, or where ‘simple 
polish and striation may appear, perhaps the following 

(fig. Ap )may beinestil If ab be a fissure, and the portions of 





separated rock, m n, slide against each other, so that the beds at 
are lowered to ¢ along the line of the fissure, sa be Head ge 
points for support, until a fresh set of cavities be formed, 
sented by the dark portion, 6, and these cavities be 
mineral matter, a further movement in the same direction 
cause friction on these contents which would thus constitute an 
uneven surface towards the side n. Assuming these contents 
somewhat solid (they may be even more so than the sides of the 
old fracture), this second movement might extend, for illustration, 
to ¢, sullicient points of support existing as before, so that the 
cavities d were produced. A third movement taking place, after 
* When cither the strintion or polish hea been effected in accumulations of ores 
themselves, oF coatings of ores have covered thom over, taking as it were a cast of 
surfaces are commonly 


them in thelr uninjured state, these pollshed and airiated 
termed slickensides. 





i 
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We have hitherto supposed the successive movements to have 
been effected in planes either corresponding with those of the 
original fractures, or not far removed from them. As has been 
shown, veins traverse each other at considerable and even right 
angles, one series being formed gabeegeny SS saa oe eae 


by the contents of one vein forming parts of the walls of the other 
(p. 654), In such cases the study of any change which have 
taken place in the veins cut through is one of much interest in 
itself, and is still more so when combined with any modifications 
found in the contents of the traversing vein. It sometimes occurs 
that the mineral matter in the traversed vein is much modified, s0 
that, independently of any removal of its parts into the new cavity, 
it might appear as beneath (fig. 297), where the vein a 6 being 
eut at a considerable angle by 


another, ¢ d, a movement of cer- Fig. 297. F 

tain substances from 6 to e, and a 

removal of similar substances from 3 
J to a, is supposed to have oc- fe 
curred, so that if the vein ¢ d 7 


were again removed, the parts ~ 
broken through would not corre- 
spond to the same extent that they ff 

did prior to the second fracture. = 

When the mineral matter is apparently moved on the one side, and 
on the other ore is sought by the miner, this becomes at once 
known; but it will reward the attention of an observer, not only to 
study the veins with reference to ore, but also to all the substances 
so traversed, It is also important to direct his attention to the 
deposits of any substance or larger bodies of them where the walla 
may be formed of the contents of a first-formed fissure, sinee these 
then oecupy the position of any dissimilar rocks (p. 679), and may 
be found favourable or unfavourable to the deposit of some given 
substances, whether ores of the useful metals or otherwise. In some 
mining countries certain mineral substances are found more 
abundantly where one vein crosses another, or within moderate 
distances from the intersection, than elsewhere in such veins. 

When engaged in this investigation, it becomes needful well to 
consider the fact, #0 commonly observed in mining districts of 
various parts of the world, that where two or more veins come 
together at a moderate angle, the ores of the useful metals sought 
in them usually occur more abundantly than elsewhere. This may 
be far from constant, nevertheless the percentage of instances in 
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PARTIAL REMOVAL OR DENUDATION OF ROCKS.—GREAT DENUDATION 
ARISING FROM THE ACTION OF DREARERS,—ANCIENT EXPOSURE OF THE 
AREA OF THE BRITISH ISLANDS TO THE ATLANTIC—CARE REQUIRED 
RESPECTING THE AMOUNT OF DENUDATION OF OVERLAPTING ROCKS — 
ISLAND MASSES OF DEPOSITS LEFT BY DENUDATION.—DISTRICTS OF BENT 
AND PLICATED BEDS WORN DOWN BY DENUDATION.—NEW SLICES OF LAND 
NOW BEING CUT AWAY BY DREAKEM ACTION.—AMOUNT OF MATTER 
REMOVED BY DENUDATION IN PARTS OF ENGLAND AND WALES,—NEEDFUL 
ATTENTION TO THE GREATER GEOLOGICAL PROBLEMS. 


AxrsovcH mention has often been previously made of the partial 
removal of the mineral accumulations of various geological times, 
and this has been referred to the action of breakers on coasts, to 
the decomposition of different rocks by atmospheric influences, and 
to their erosion and subsequent transport by running waters, a few 
words on geological denudation, regarded by itself, may be usefully 
added, Viewed with reference to the causes of the partial removal 
of rock accumulations, there are few subjects connected not only 
with the present, but also many prior conditions of the earth's 
surface in different regions, which more impress the geologist with 
the great lapse of time required in explanation of the facts observed. 
Making all due allowance for the abrasion and transport of an 
immense mass of mineral matter by means of atmospheric influences, 
the kind of smoothing or levelling of great areas so often found, and 
the isolation of portions of various dimensions, outstanding like 
islands from a kind of main coast composed of like deposits, of 
which they only constitute detached parts, so forcibly remind him 
of the action of breakers on land, that there seems much difficulty 
in avoiding the inference that to this source of abrasion geological 
denudation is chiefly due. 

As an intermixture of land and water is needed in explanation 
of the production and distribution of detrital matter at all 
times, and as tides, or the absence of them, would be produced by 

22 
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periods, sbove and beneath the level of the sea, may have been ex- 
posed to, or sheltered from, such an ocean as the Atlantic on the 
westward. Tho position of the conglomerates of the new red sand- 

Stone time, arranged against and around the elder rocks of the 
Mendip Hills, and portions of the adjacent country (fig. 167, 
p- 478), remind us, while on the spot, very forcibly of an exposure 
to aconsiderble range of water on the westward. Respecting surfaces 
of land left by various denudations at more recent times, the im= 
pression as to a great exposure to western waters is still greater, in- 
land cliffs presenting themselves precisely where they would be 
expected, and even the shelter derived from protruding land being 
found, In illustration of this circumstance, an observer 

the present escarpments of the oolitic series, including the lias, from 
their comparative shelter on the eastward of the high land of Wales 
to the English Channel, cannot fail to be struck, making all due 
allowance for subsequent changes arising from atmospheric in- 
fluences, with the mode of occurrence of the old cliffs, and of their 
character, according to exposure or shelter, where the Mendip Hills, 
and other elevations of the same character, would modify the force 
of the great Atlantic waves breaking on such a range of coast, 

‘The removal ef portions of the accumulations of various periods, 
extending back in time to those of the Cambrian series in our 
islands, is something very considerable, and to be measured. by 
thousands of cubic miles of minoral mattcr, In Ireland, the - 
abrasion of the Silurian rocks, anterior to the conglomerates of the 
old red eandstone, ia well marked. Large surfaces were evidently 
there shorn down by denudation previous to, or at that timo, the 
granitic protrusions then existing in parts of that land being also 
cut partially away, and having from that period to the present been. 

to abrasion and loss of volume whenever brought within 
the range of the breakers, or raised up within the influences of the 
atmosphero, In regurding, therefore, such masses of mineral mat- 
tor, the geologist has before him the results of many partial removals 
of rock accumulations, and sees the remains only of many modifica- 
tions of surfaces, wrought by denudations during a long lapse of 
time. 

In estimating any amount of matter which may have been re- 
moved, either from igneous rocks or from deposits formed by the 
aid of water, much care is sometimes needed, go that a correct 
estimate may be formed of the probable prior arrangement of the 
parts of it, This is especially necessary when a series, or parts of a 
series, of deposits may extend over or conceal one or portions 
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line f g, « section of the following kind (fig. 300) would be obtained, 
one very deceptive, without care and attention to the general geo- 


Fig. 300, A 






logical structure of the country as to the prior extension of the beds 
e, d, ¢, towards a, inasmuch as a vast extent of country composed 
of them might be assumed as shorn down in that direction, and a 
mass of mineral removed, which never existed. 
It thus becomes essential, when endeavouring to estimate any 
mineral matter removed by denudation, carefully to weigh the 
probability of the conditions under which the accumulations, sup~ 
posed to be removed, may have extended. We may here again 
refer with advantage to the small area represented in the map of 
the Mendip Hills and adjoining country (fg. 167, p. 478,) for 
illustration on this head. Upon the portion of country where the 
new red marl and eandstone (5) occupies the surlace, several 
isolated patches of lias (6) may be seen distributed. These patches 
are only the remains of beds which once continuously covered the 
former deposits, and joined the main mass of the lias seen on the 
southern portion of the map. The mode of accumulation of this 
ins, and its modification where adjoining the dry lund of the time, 
have been previously mentioned (p, 481), It is sufficient here to 
remark, that while this rock was thus modified near the Mendip 
Hills, it stretched away with common characters in other directions, 
patches of it being found in various other localities scattered over 
the prior and subjacent rocks, such being the remains of a wide 
area once occupied by this deposit, As with the lias, so also with 
the accumulations which immediately succeeded it—those of the 
inferior oolite (7, fig. 167), detached patches of which are also seen | 
isolated upon prior-formed rocks, such patches once portions of a 
continuous deposit in a sea, One small islet of inferior oolite will 
be observed towards the left corner of the map (fig. 167). Other } 
patches will, however, be seen at Dundry and Brent Knoll, by 
reference to more extended geological maps. By careful examin- 
ation it is found that the mode of occurrence of their component 





* Those who have examined the escarpments of the cos! measures, carboniferous 
Tisentons esl ros alse oe See oe ee 
of Monmouthshire and South Wales, will at once soe the application of these 
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The importance of cliff§, either inland or on the sea-ccast, in 
properly appreciating the matter removed from a district presenting 
902, 





no very great differences of surface elevation and depression (mere 
common undulations of country), is very considerable. Without 
them the observer might often be uninstructed as to the real 
amount of flexure and plication planed down and concealed beneath 
the ordinary smooth surfaces exposed. Of this the following 
(fig. 303) is an example, Tt is a sketch, from Trenance Point, of 


Pig. 209. 





High Cove, on the north coast of Cornwall, exhibiting a section of 
hard sandstones of the older rocks of that country worn down, 
probably, by the sume kind of heavy Atlantic breakers which are 
now cutting off a further slice of these ancient accumulations down 
to a newlevel.* 

By consulting the geological maps of various lands, when such 
maps have been carefully prepared, abundant evidence will fre- 
quently appear of the surface denudation to which very extended 
areas have been exposed. Taken alone, without carefully con- 
structed sections, and a due regurd to the circumstances above 
noticed, no very accurate estimate can usually be formed, 





* With regard to the present notion of breakers thus, os f¢ were, removing new 
slices of deposits, whether contorted, or in thelr original planes of accumulation, it 
not only effects this, but elso, when the conditions for the elevation and depression of 
masses of land have been favournblo, will out nwny the acoumulntions of former times 
40 asta restore old worn sarfaces. OF this examples may be seen on tho shores of 
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beds, resting on chalk, are thrown into a vertical position (well 
seen at Alum and Whitecliff Bays), the chalk itself near them 
highly inclined, even nearly vertical, but dipping at minor angles 
on the southward. All these tertiary beds are cut off by denudation 
‘on the south of the east and west contortion, there being little 
doubt that a considerable ee Ge taco eae 
over the chalk in that direction. On the south of the hi; of 
chalk, lefi from its better resistance to denudation, along this 
contortion, the mass of rocks is curved into a low arch, and the 
chalk itself’ and inferior beds (upper greensand, gault, and in two 
situations, cast and west sides of the island, the lower 
have been removed by denudation, portions of the chalk remaining 
upon the high ground of St. Catherine’s, Rew, and Boniface Downs, 
on the south of the island. The observer, placed on Ashley or 
Arreton Down, southward from Ryde, may have an excellent view, 
on the south-west, of the break into the arch, made by denudation, 
between the chalk of Chillerton Down and St. Catherine’s Down, a 
Jong ridge of upper greensand (harder there than on the north) 
stretching out from the latter. The volume of mineral matter 
rémoved by denudation, including part of the tertiary rocks, in 
the lower country, between the high grounds extending from 
Culver Oliff to the Needles and tlie heights of St. Catherine's, 
_ Rew, and Boniface Downs, must, in some places, be from 2,000 
to 3,000 feet thick. 

Availing himself of the observations made on the G 
Survey, Professor Ramsay has pointed out the vast mass of matter 
which has been removed by denudation from bent and contorted 
portions of South Wales and the adjacent English counties, the 
amount of which may to a certain extent be estimated.* i 
the evidence obtained respecting the thicknesses of the various 
beds of Silurian rocks and their curvature, in the Woolhope dis~ 
trict (fig. 305), he infers that, if the amount of mineral matter now 
removed were restored, 80 as to complete the section of the manner 
in which the rocks probably occurred at the time they were bent, 
it would give them the great additional height of about 3,500 feet. 
Employing the same kind of evidence for the old red sandstone, 
carboniferous limestone, and coal measures of the Mendip Hills 
district, the Professor considers that an additional mass of accu- 
mulations, 4,000 feet in thickness, would be required above the 
Mendip Hills to supply the place of beds removed by denudation, 





*  Momsine of the Geological Survey of Groat Britain," wol. {., p. 207. 


be 
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and another of 5,000 feet, for the denudation of the same rocks on 
the north of Bristol.* The annexed section (fig. 306) is ane of 
those given in illustration of this subject, and will serve to exhibit 
the disturbed beds of carboniferous limestone, old red sandstone, 
and Silurian rocks, shorn down by denudation in the slightly 
elevated district of Southern Pembrokeshire, as also, with every 
allowance for numerous fractures and gaps in the higher part 
carried off, the great mass of matter thus removed. 

Viewing such considerable denudations, quite as readily seen in 
many other, and distant regions, as in the minor districts noticed, 
and combining them with the elevations and depressions of land 
that have taken place at all geological times, sometimes slowly 
moving large surfaces above and beneath the level of the sea, at 
others squeezing and folding various mineral accumulations into 
great ranges of mountains, the geologist will be at no loss for 
evidence, not only that the surlace of the earth has long continued 
in an unquiet state, but also that the same amount of mineral 
matter may have been repeatedly employed in part, or as a whole, 
in the production of deposits spread over various areas for the time 
being, these deposits either fossiliferous or without organic exuvia, 
as the conditions for the preservation of the remains of the animal 
and vegetable life of different times, may or may not have pre- 
vailed, As considerations of this kind constitute a part of those 
which lead to the most extended views, by the uid of which we 
endeavour to trace back the past conditions of our planet, they, and 
the class to which they belong, tending, as they do, to keep atten- 
tion alive to the greater problems, while the detail necessary for 
their solution is collected, cannot be too frequently present to the 
mind of the geological observer. 


* Referring to the reduction of the Horizontal Sectiow of the G 

Sheet 17, extending from Glastonbury Tor, across the Mendip Mills, by cites, 
Bristol, to the fat land at the Sovera,and to the sketch for filling up denudation, 
ph 4, fig: 4, in the * Memoirs of the Geological Survey,” vol. 4. 





APPENDIX. 


GeoLoctcaL Mars axd Secrioxs—Though an observer may be supposed 
usually to have access to the best maps of any country he may examine 
geologically, and, in general, to find such maps containing the information 
which is desirable, as well respecting the natural physical features of the 
country, as the artificial modifications of, or arrangements on, its surface, so 
shat he can always ascertain his exact position, and possess the power of re_ 
cording any circumstances considered sufficiently important in their true re- 
lative places on such maps ; it, nevertheless, sometimes bappens that the maps 
of a district are inaccurate, or do not contain those things which are needed. 
A geologist will not long have ondeavoured to record hia observations upon 
maps, before he will ascertain that many a beantifal engraving may be 
worthless, while some coarse, unpromising plan may be most valuable. Tn 
case of need, therefore, it becomes important for an observer to be so far 
skilled in the construction of maps, a8 not only to be able to correct one 
which may be imperfect in an efficient manner, but also to make such a 
sketch of ground as may suffice for his purpose, A knowledge of the kind 
of surveying commonly termed military drawing, will be found most 
advantageous for his progress. He will scarcely accomplish much on this - 
head by the aid of books alone, and therefore should study it in the field. 
If possessing a good eye for form, he will by no means find the 

of this knowledge difficult, while he will soon perceive that it affords him 
great additional power in satisfactorily recording his observations. 

Even in many a map where the lines representing rivers, coasts, and other 
natural features, are exceedingly accurate, as also those showing the roads, 
canals, villages, and other artificial arrangements, are equally so, it too 
‘often happens that the relief of the ground, the true forms of the inequalities 
of surface of the bills and mountains, is either not given, or so inaccurately 
that it would have been better if no attempts had been made to represent 
it,* Now, the true relief of the surface of a district is often of the greatest 





* The too often of the Hines of watershed us those of 
saz Tie method, ted often stovtad of repreendag te IS xt 
often does, to the most imperfect views as to the real Inequalities of surface 1n them, 
and as to the action of those geological causes which have produced such Inequalities. 
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sacrificed to attempts to introdnce detail only important locally, and which 
can be best shown by the enlargement of such portions of a map, The 
employment of given colours to represent certain divisions of the geological 
series has been considered very desirable, so that the eye becoming accus- 
tomed to them may, as it were, currently read off maps thus coloured. 
This is certainly important, and might be accomplished, to a considerable 
extent, in the general maps, national maps for example, of* differont 
countries. 

Much may be, and has been effected as to the information to be afforded 
in geological maps, by a mixture of signs and colours; the latter repre- 
senting some accumulation, or series of accumulations; and the Bue 
certain modifications of it considered important. In this manner, for 
example, igneous rocke may be represented by some given tint or colour ; 
and the variations in their mineral structure, so fur as regards the surface of 
the land, by various signs. The like with those divisions in the sedi- 
mentary deposits of different geological dates to which names have been 
given, various signs also readily show their mincral structure in differnt, 
parts of their surface exposnre. Among the signs employed amid the 
stratified rocks, it is very needful to have a sufficient number representing 
their modes of occurrence as to the position of their beds, showing when 
these are horizontal, inclined at sny particular angle, or contorted ; when 
the latter, the kind of contortion, and the like. ‘The following signs 
(fig. 307) have been found useful for this purpose. ‘The point of the arrow, 


Fig. 307. 
a 6 © 
q ? —— 


i f 

a 

a, shows the dip or inclination of the beds as respects the horizon ; and it is 
desirable to place on one sie of this sign the amount of the dip, such as 
5°, 16°, 23°, as it may happen to be, The sign d is intended to point 
out that, while the general inclination, or dip of the beds may be im the 
direction corresponding with that of the arrow, they undulate on the minor 
scale; ¢, shows that the strata are vertical, their range, or strike, aa it is 
often termed, being in the direction of the longest line, eds much plicated 
on the minor scale, while they hare a general ringe, are shown by d, the 
straight line pointing out the general mnge, An anticlinal ridge ls repre- 
sented by the sign f, the two arrow-heads showing the direction of the dip 
on either sido, and the cross line that of the range of this form of beds; ¢ 
is Intended to indicate the occurrence of beds so contorted and folded in 
various planes, that no definite dip or range of them can be inferred in the 
locality where this sign may be entered upon the map, ‘The cross y, 
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that few, ones experiencing the advantages so derived, would probably be 
disposed to abandon this method of observation, In cortuin districts, snch 
as those where that important produnt coal is obtained, exact sections of 
surface are as indispensable ag the exact relative positions of the beds them- 
selves with reference to them, so that the true positions of the cosl-beds 
may appear. With his level or his theodolite, an observer feels that con- 
fidence in his labours which he might not otherwise possess, Having the 
surface right, he can enter the dips, and other modes of occurrence af the 
rocks found, in their real relative situations on his section, and thus possess 
a collective miniature representation of the needful circumstances, such agno 
other leas correct method will ingure, be his powers of generalization what 
they may. 

Az in many lines of section, all the various accumulations cannot be so 
traversed, as to have all deposits cut at right angles by them, care is 
required to represent only the relative thickness of such deposits where the 
section passes ; that is, the lines of separation of beds, or collections of 
them, as given in tho section, should correspond exactly with those which 
would appear if the rocks supposed to be vertically cut through, ware 
really so; and the beds on one side of the ent being removed, the face of 
the other was exposed, as if on a cliff, By turning to fig. 257 (p. 635), it 
will be found that a line of soction parallo! to the cliff reprosentod would 
even give the beds there shown as horizontal, while they really dipped 
considerably at right angles to it, as seen in the sketch, fig. 268, It is 
easy in such cases to notice the true amount and direction of the beds on 
the section, and thus take the real value of the lines on such section clear. 
By giving more dip than such lines represent, @ greater thickness is shown 
than really exists, and the total amount of mineral matter which the surfice 
of the ground and the line of section should exhibit, is misrepresented. 

In addition to these vertical and proportional sections, it sometimes 
becomes necessary to calange a part, so far as regards a column rising 
vertically to the plane of accumulations. In like manner, also, this should 
be proportional, and on a scale sufficient to render the object sought by the 
enlargement clear, ‘The scale of such sections adopted by the Geological 
Survey is that of 40 feet to the inch; and it has been found one amply 
sufficient for very considerable detail, as may be seca by reference to the 
vertical sections of the coal measures, those which can be used for mining 
purposes (sections, Nos, 1 to 11 and 16 to 18). 

Vertical sections, deposits represented as piled one ahove the other 
horitontally, whatever may be their real inclinations in different localities, 
may also be usefully employed for comparing distant accumulations with 
each other, especially as regards their thickness, As, for example, the 
following section (fig, 308), serves to show the different thicknesses and 
modifications of the cretaceous and oolitic groups a8 developed in southern 
and northern England. In these sections (the same letters being employed 
to represent equivalent deposits in both), the cretaceous series in Wilts and. 

Sa 
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Page 103, Great Salt Lake of North Anwrica,—The rocont researches of 
Cuptain Stansbury, of the United States Topographical Engineers (Expe- 
dition to the Great Salt Lake of Utah, 1852), have made us 
from actual survey, with many important circumstances oomected with the 
region in which the Great Salt Lake of North America is found. A con: 
siderable area, on the western watershed of that continent, is separated from 
the general drainage. In it a chief depression finally receives the waters 
of the country, forming a lake from which the evaporation is anch that no 
surplus waters escape ont of that area, as a whole, into the general water 
shed to the westward. A minor depression first receives the drainage of 
part of the general area, ‘The waters of this lake, named Utah, are fresh, 
while thoso of the other, the Great Salt Lake, aro highly impregnated 
with saline matter, The ovaporation over the area draining into the 
Lake Utah (30 miles long and 10 miles in breadth,) is such, com- 
pared with the supply of water, that a river, named the Jordan, by 
the Mormon settlers on its bunks, flows from it and falls, after a counse 
of about 50 miles, into the Great Salt Lake. Notwithstanding this 
supply of fresh water, as also from other streams, the chief of which 
enters it on the N.E., rounding the Wahsatch Mountains, on the east, 
the waters of the Great Salt Lake are so entirely miline as to form w 
strong brine, one that in 100 parts, by weight, of the water, contains 
more than 22 parts of soluble salts, common sult (chloride of sodium) by 
itself constituting 20 parts, The exact amount of soluble substances, #3 
determined by Dr, L. D. Gale, is as follows — | 


Solid contents in 100 parts of the water = 22-422 parts, 
Specific gravity of the water= 1°17 


Chloride of sodium , —,--20°196 
Sulphate of soda, , «1834 | 
Chloride of magnesium =, 0252 | 
Chloride of calcium « ’ a tence. 


‘Tho Groat Salt Lake is situated, according to Captain Stansbury’s mape, 
between abont 40° 40° and 41° 42° north latitude, and between about 112° 
to 113° 10! west longitude. The western side of the lake is bounded by 
a level plain country, little elevated above its waters, 0 little indeed 
that the pressure of the wind is sufficient considerably to ebango the coaat- 
line in that direction, according to ite duration, the differenco “amounting, 
in many cases, to milo in width" (p. 186). Tn dry weather the plain, 
abounding in soft ground, is covered with a conting of salt. Captain | 
Stansbury mentions that the minute crystals of salt “glisten brilliantly in 
the sunlight, and present the appearance of a large piece of water 60 per 
fectly, that it is difficult, at times, for one to persuade himself that he Is 
not standing om the shore of the lake itself” (p. 119). The Salt Lake, 
exclusive of offsets, is 291 miles in circumference, the Wabsatch Mountains 
rising above it on the eastward ; seroma ae ial s SO 
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divides tie Iceland volemic rocks into two groups, which he names 
normal-trachytic und normal-pyroxenic, He understands by the former the 
trichytic rocks richest in silica, and by the latier the basaltic and doloritie 
rocks poorest in silica, ‘These constitute extreme members of a general” 
mass, and graduate intocach other, ‘* The first distinguishing characteristic 
of the normal-trachytic rocks ia, that they represent almost cxactly a mixtare 
of bisilicates of alumina and allcali, in which limo, magnesia, and protoxide 
of iron are either wholly wanting or are prosent only in insignificant quan- 
tities." * * * * © +The normal-pyroxenic rocks, which as basic silicates 
of alumina and protoxide of iron, in combination with lime, magnesia, 
potash and soda, form the most extreme members towards the opposite 
end of the series, present a similar correspondence in their average com- 
position.” * * * * “As the proportion of the oxygen of the silicic acid 
to that of the bases is here, with slight variations, a3 3; 1'998, all these 
rocks may be regarded as a constant mixture of bibusic silicates, when we 
consider only their entire mass, without reference to the fact of their con- 
stituents being grouped into minerals of definite composition.” + The 
quantity of silica almost always bears a constant proportion to the 
lime and magnesia, while the relation between the quantities of alumina 
and protoxide of iron is subject to considerable variations.” Thus there 
is a mass of matter haying a tendency to arrange itself into two distinct 
snb-masses, each distinguished by a definite composition, the whole 
governed in its lithological character by the variable manner in which a 
mixture was effected, and by the physical conditions to which the molten 
mass may have been exposed. 

‘The Professor gives the following as the composition of the normal- 
trachytie (1) and the normal-pyroxonic rocks (2,) observing that from it 
the mean relation between the oxygen of the acid and that of the bases 
can be calculated, being for the trachytic rock as 3: 0596, and for the 
pyroxenic as 3: 1°998:— 


() (2) 
Billie. =. on Se OR ae 
Alumina and protoxide of iron =. 1423. 80°16 
Lime . . . . . i440, 11°87 
Mugnesin. 5 wy 0°88 6-89 
Potash . . . . + 820 . 0-65 
Boda a een 





100°00 100-00 
Selecting silica, as the most convenient constituent of these rocks for 
calculation, because it can be well determined, and is the least variable in 
them, in order to estimate the mixture of these normal rocks which may. 
exist in any compound of them, Professor Bunsen remarks that, “If wa 
characterise by $ the per centage of silica in a mixed rock, by s the per- 
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Rationally. Fourth Edition; with Plates Et 
and Wood Engravings. Fep. 8vo. price 6s. x 


. 

: Low.—A Treatise on the Domesticated a 

Animalsof the British Islands: Comprehend- 

ing the Natural and Economical History of 

and Varieties; the Description of 

cas: Properties of external Form ; and Obser- e 
vations on the Principles and Practice of 





Breeding. By D. Low, Esq, F.RS.E, 
‘With Wood Engravings. '8vo. price 258. Po 
‘ w.—ElementsofPractical Agriculture; ; Sit: 


gomprehendingthe Cultivation of Plants, the | 
dry of the Domestic Animal 





tie Economy of the Farm. ByD Low, Esq. 


F.RS.E. New Edition ; with 200 Woodeuts, | 8” 
Bro. price 21s. . 

| Sir 

Macaulay.—Speeches of the Right Hon. | 

T, B, Macaulay, M.P. Corrected by Himt- ye 

SELF. 870. price 128. 
Sq 
bo 


Macaulay.— The History of England 
from the Accession of James II. By fe 
Tromas Basrnoton Macattay. New i 
Edition. Vols. I. and II. 8vo, price 32s. 


Mr, Macaulay’s Critical and Historical | 7 
Essays contributed to The Edinburgh 


Review. Four Editions, as follows :— Es 
1, Losnany Eprriom (the Seventh), in | me 
3 vols. 8y0. price 36s. req 


2. Complete in Oxg Vorumx, with Por- Ne 


trait and Vignette. Square crown | 8¥ 
8vo, price 21s. cloth; oF 80s. calf. q 

8, A New Eprrioy, in 8 vole. fep. vo, | MC 

price 21s, 

& Proriz'’s Eprriow, in 2 vols. crown | Ot 

810. price 8s. cloth. Ee 

Ed 


Macaulay.—Lays of Ancient Rome, with the 
Ivry and the Armada. By Tuomas | Ce 
Basmeror Macavray. New Edition. 
16mo, price 4s, 6d. cloth; or 10s. 6d. | M‘C 


bound in morocco. ae 
Ey 

Mr. Macaulay's Lays of Ancient Rome. Po 
With numerous Illustrations, Original and | In 


from the Antique, drawn on Wood by | Fo 
George Scarf, Jun., and engraved by Samuel { Ay 
Williams. New Edhtion. Fop. ato. price 





21s, boards ; or 42s, bound in morocco. Mail 
cor 

Macdonald. — Villa Verocchio; or, the Ch 
Youth of Leonardo da Vinci: A Tale. By chi 
the late Diana Louisa ‘Macpomats. M 
Fop. 8vo. price Gs. ~“ 
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20 NEW WORKS axp 


Agel. — Margaret Percival. By the ; 
E 


ed by the Rev. 
ition, 2 vols, 





hor of atrw The rler 
aRRO SATA isc 
fep. 8vo. privo 7 





By the same Aathor, 
Katharine Ashton. New Edition. 2vols. 
fep. Bro, price 123, 


‘The Experience of Life. New Edition. 
Fep. 8vo. price 74. Gd. 


Readings for a Month preparatory to 
Confirmation - Compiled from the Works of 


Writers of the Early and of the English | 





Church. Fep. 8vo, price 3. 


Readings for Bvery Day in Lent: Com- 
Filet from the Writings of Brsuor Jrnewy 
Tato, Fep. Bro. prive 5s. 





The Family Shakspeare; in which 

nothing is adieu’ to the Original Text; but 
worls and expressions are om ed 
1 propricty: be read aloaid, 
By T. Bowpirn, Esq. FRE. Ni 
in Volumes for the Pocket ; with 
gravings, from Dy by § 
ward, and other Artists. 6 vols, fep. 8v0. 
price 308, 


#,* Also a Lrezany Eorrtos, in One 
Volume, medium 8yo. price 213. 
















Snort Whist; Its Rise, Progress, and 
Lans: With Observations to make any one 8 
Whist Player, Containing also the Laws of 
Piguet. ino, Eearté, Cribbage, 
vsmmon. By Major A ® . 

dition ; to which are added, Precepts for 

‘Tyros, by Mrs, B2¢**, Fey, Bro. 3s. 








Sinclair. — The Journey of Life. By 

CATHERINE Stxctamy, Author of The Busi- 
fe (2 vols. fep. Bro. price 10s.) 
ition, corrected and enlarged. Fep. 
Bro. price 5s. 





Sir Roger de Coverley. From The Spec- 
tator. With Notes and Illustrations, by 
W. Hexry Witts; ond Twelve flue Wood 
Engravings, John ‘Thompyon, from 
Designs by Freprarce Tiruir, Crown 
Bvo. price 15s. boards ; . bound in 
moro::co.—A Cheap Edition, without Wood- 
cuts, i 16mo, price One Shilling. 
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